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Abstract
Aggressive behavior in patients with psychiatric disorders is attracting increasing 
research interest. One reason for this is that psychiatric patients are generally 
considered more likely to be aggressive, which raises a related question of 
whether diagnoses of psychiatric disorders predict the prevalence of aggressive 
behavior. Predicting aggression in psychiatric wards is crucial, because aggressive 
behavior not only endangers the safety of both patients and staff, but it also 
extends the hospitalization times. Predictions of aggressive behavior also need 
careful attention to ensure effective treatment planning. This literature review 
explores the relationship between aggressive behavior and psychiatric disorders 
and syndromes (dementia, psychoactive substance use, acute psychotic disorder, 
schizophrenia, bipolar affective disorder, major depressive disorder, obsessive-
compulsive disorder, personality disorders and intellectual disability). The 
prevalence of aggressive behavior and its underlying risk factors, such as sex, age, 
comorbid psychiatric disorders, socioeconomic status, and history of aggressive 
behavior are discussed as these are the components that mostly contribute to the 
increased risk of aggressive behavior. Measurement tools commonly used to 
predict and detect aggressive behavior and to differentiate between different 
forms of aggressive behavior in both research and clinical practice are also 

https://www.f6publishing.com
https://dx.doi.org/10.5498/wjp.v12.i1.1
http://orcid.org/0000-0002-8140-2065
http://orcid.org/0000-0002-8140-2065
http://orcid.org/0000-0002-8140-2065
http://orcid.org/0000-0002-4390-796X
http://orcid.org/0000-0002-4390-796X
http://orcid.org/0000-0003-1517-5121
http://orcid.org/0000-0003-1517-5121
http://orcid.org/0000-0003-4821-4764
http://orcid.org/0000-0003-4821-4764
http://orcid.org/0000-0002-6914-8041
http://orcid.org/0000-0002-6914-8041
mailto:gazdag@lamb.hu


Girasek H et al. Prevalence and correlates of aggressive behavior

WJP https://www.wjgnet.com 2 January 19, 2022 Volume 12 Issue 1

Open-Access: This article is an 
open-access article that was 
selected by an in-house editor and 
fully peer-reviewed by external 
reviewers. It is distributed in 
accordance with the Creative 
Commons Attribution 
NonCommercial (CC BY-NC 4.0) 
license, which permits others to 
distribute, remix, adapt, build 
upon this work non-commercially, 
and license their derivative works 
on different terms, provided the 
original work is properly cited and 
the use is non-commercial. See: htt
p://creativecommons.org/License
s/by-nc/4.0/

Received: March 24, 2021 
Peer-review started: March 24, 2021 
First decision: June 5, 2021 
Revised: June 18, 2021 
Accepted: November 24, 2021 
Article in press: November 24, 2021 
Published online: January 19, 2022

P-Reviewer: Mannelli L 
S-Editor: Zhang H 
L-Editor: A 
P-Editor: Zhang H

reviewed. Successful aggression prevention programs can be developed based on 
the current findings of the correlates of aggressive behavior in psychiatric 
patients.

Key Words: Aggression; Mental disorders; Inpatients; Prevalence; Risk factors; Risk 
assessment
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Core Tip: The aim of this paper is to provide an overview of the prevalence of 
aggressive behavior of patients with various psychiatric disorders focusing mainly on 
inpatient populations. It also discusses the most commonly used measurement tools for 
aggressive behavior. As aggressive behavior endangers the safety of both patients and 
staff, predicting aggression is a key to its prevention. This review also highlights the 
importance of risk assessment and prevention of aggression in psychiatric patients.
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INTRODUCTION
The relationship between psychiatric disorders and aggressive behavior has always 
been a contentious issue, as it is difficult to determine whether psychiatric patients are 
more likely to be aggressive and whether psychiatric disorders predict aggressive 
behavior[1].

The authors of most recently published studies agree that there is an increased risk 
of aggressive behavior in certain psychiatric disorders[2-5]. In a meta-analysis, the 
proportion of patients classified as aggressive during their acute psychiatric treatment 
ranged from 8% to 44%[2]. Aggressive behavior and violence pose a serious challenge 
to psychiatric care providers as they threaten the safety of both the patients and staff[1,
2,6]. They also result in longer hospitalization times and the increased stigmatization 
of psychiatric patients[3]. To predict and prevent violent events in inpatient units, it is 
crucial to recognize the relationships of the sociodemographic and clinical character-
istics of inpatients with the risk of aggression[2].

The aims of this paper are to review the risks of aggressive behavior associated with 
different psychiatric disorders and assess the commonly used measurement tools to 
measure various aspects of aggressive behavior.

DEFINITION OF AGGRESSION
There are several definitions of aggression, a rather broad term used with different 
emphases in criminology, political and social science, and psychiatry. For the purpose 
of this review, aggression is defined as a human behavior manifesting as verbal or 
physical acts that target other human beings, animals, or objects with the aim of 
causing harm. The aggressors are not always aware of the implications of their actions 
and the damage caused. If the harm is coincidental or a secondary consequence, the act 
is not considered as aggressive[7,8].

Instrumental or proactive aggression involves intentionally harming an individual 
to achieve a desired goal. In contrast, impulsive aggression is often referred to as 
hostile or reactive aggression that has no identifiable goal. In impulsive aggression, the 
perpetrator is driven by anger, and the act is an inconsiderate and unplanned response 
to perceived provocation[7,9,10]. In line with most definitions, in this paper, violence is 
referred to as an extreme form of aggressive behavior with the purpose of physically 
harming others, irrespective of the consequences[7].

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/2220-3206/full/v12/i1/1.htm
https://dx.doi.org/10.5498/wjp.v12.i1.1
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METHODS OF THE REVIEW
This narrative review began with a search of the PubMed, PsychINFO, Google Scholar 
databases using the key words such as (psychiat* or mental*) and (aggress* or violen* 
or hostil*) and measure*. The publication was chosen if it included any of the 
following categories of psychiatric disorders and syndromes: dementia, psychoactive 
substance use, acute psychotic disorder, schizophrenia, bipolar affective disorder, 
major depressive disorder, obsessive-compulsive disorder, personality disorders (PDs) 
and intellectual disability. The papers included were peer-reviewed journal articles 
and books that were published mainly in English. Further articles were reached by 
following up references. We tried to review the most recent research data to present 
the current findings of the prevalence and correlates of aggressive behavior in 
psychiatric inpatient populations.

AGGRESSION IN DIFFERENT PSYCHIATRIC DISORDERS
Dementia
Alzheimer’s disease (AD) and mild cognitive impairment (MCI) increase the risk of 
agitation and aggressive behavior[11-14]. Aggressive behavior is one of the most 
common and disturbing complications of cognitive impairment, such as dementia; it 
contributes to early hospital admission and increases the burdens of caregivers and 
hospital staff[11], as patients with dementia can harm themselves and other patients
[12,13]. The extent of functional deficits and cognitive impairment in dementia is 
correlated with behavioral and psychiatric symptoms, including apathy, irritability, 
agitation, aggression, delusions, depressive mood, and anxiety[12].

The main neuropathological finding related to progressive changes in behavior and 
aggression[15-17] is prefrontal cortical atrophy, which is also associated with dementia
[18]. In frontotemporal dementia, anger and other confrontational/critical and 
emotionally charged ideas and behaviors underpin the development of interpersonal 
aggression and social isolation[19]. Further brain areas significantly associated with 
aggression in dementia include the dorsomedial prefrontal and orbitofrontal cortices 
and the amygdala[20-22].

In a meta-analysis, the prevalence of aggressive behavior in patients with AD and 
MCI was reported to be 27.8% and 7.4%, respectively[11]. However in another study 
aggression was found to be the major cause of hospitalization - in 34.2% of all cases - 
particularly in patients with moderate/severe dementia[23]. Place of residence was 
also correlated with aggression. For example, agitation and aggressive behavior were 
observed in 20% of outpatients living in the community, but in 40%–60% of patients 
living in nursing homes[24]. In a meta-analysis, no significant difference was observed 
in the risk of physical aggression between patients with different types of dementia 
with the exception of patients with frontotemporal dementia, among whom the 
prevalence of criminal behavior was 37%, as opposed to only 8% in patients with AD
[11]. In contrast, studies of verbal aggression in AD showed significantly higher rates 
ranging from 28% to 67%[14]. However, no significant correlation was reported 
between verbal aggression and the severity of dementia measured by the Mini Mental 
State Examination, although verbal aggression was found to be related to the presence 
of delusions[14].

Aggressive behavior in AD is associated with depression, loss of family contact, a 
poor caregiver–patient relationship, and chronic pain[11,25-27]. Objectively assessing 
the level of pain in dementia patients can be challenging, although reducing pain 
could decrease agitation and aggressive behavior[13].

A systematic review confirmed the clinical impression that compared with women, 
men have higher rates of aggression and other behavioral problems, such as 
wandering, abuse of others, and social incompetence[28].

Psychoactive substance use
Substance use disorders are among the most prevalent psychiatric disorders, but only 
a minority of such patients seeks treatment. The relationship between drug use and 
aggressive behavior is a constantly growing concern[29,30]. It is universally accepted 
that alcohol and certain drugs significantly increase the incidence of aggressive 
behavior[2,29-33]. In a forensic psychiatric sample, 28% of patients with previous 
offences committed crime under the influence of a psychoactive substance[34]. Aggres-
sive behavior occurs at any stage of drug use: in acute intoxication, in connection with 
drug-seeking behavior, in withdrawal, or in episodes of drug-induced psychosis[31]. 
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Drugs and violence are related directly when the drug pharmacologically induces 
violence or indirectly when the violence serves as a method of obtaining the drug[32]. 
Overall, the relationship between drugs and aggression is complex and is driven by a 
combination of factors related to both transient and permanent physiological, psycho-
logical, environmental, and individual differences[30].

Alcohol: Alcohol is the substance most commonly associated with aggressive and 
violent behavior[31]. The link between acute alcohol consumption and aggressive 
behavior is well-known[35]. Even moderate amounts of alcohol increase the likelihood 
of aggressive behavior[32]. Alcohol consumption has been associated with increased 
frequency and severity of physical aggression toward acquaintances and strangers[36,
37], increased verbal aggression[38], domestic and marital violence[39,40], sexual 
harassment[41-43], and suicide[44]. There is preliminary evidence that alcohol is more 
closely associated with murder, rape, and abuse than any other substance[31].

Alcohol increases aggression in both men and women, but this effect is stronger in 
men[35]; men intoxicated with alcohol are prone to physical aggression, whereas 
women are prone to verbal aggression[45]. However, a recent study[46] found no 
intersex difference in the effect of alcohol on aggressive behavior. Alcohol consumed 
by women at home increases their physical aggression toward their male partners, and 
the amount of alcohol consumed is positively correlated with physical aggression[47-
49].

Chronic alcohol dependence can lead to changes in personality structure; the person 
increasingly blames others for his/her condition, and frequent interpersonal conflicts 
develop, often leading to physical or verbal aggression. Furthermore, irritability and 
agitation increase during periods of withdrawal, triggering the onset of aggression[31].

Because of the high individual variability in the effects of alcohol on aggressive 
behavior, most authors emphasize the interplay between several factors[32]. Alcohol 
impairs frontal lobe functions, affecting the handling of threatening situations[50-53], 
reduces inhibitions[51], and influences neurochemical systems that mediate aggressive 
behavior[54-56]. It is well-established that heavy alcohol consumption affects 
prefrontal cortex thereby contributing to the development of aggressive behavior[57-
59]. Even a small amount of alcohol can reduce the activity of the medial prefrontal 
cortex[60] resulting in the impairment of prefrontal executive functions, which may 
lead to careless, inappropriate, or aggressive behavior[61,62]. Alcohol consumption 
frequently provides false justification for the variety of antisocial behaviors displayed 
by the intoxicated person[63].

Heroin: There is compelling evidence that heroin increases aggressive behavior, 
including physical aggression against others, impulsivity, and suicidality[30,64-66]. An 
analysis of the history of 527 heroin users found that almost 43% of them had 
attempted suicide[67]. The symptoms of opioid withdrawal can be so severe and 
painful that opioid users may unintentionally become violent when trying to obtain 
opioid drugs to seek relief from the withdrawal symptoms[31]. Research data support 
the view that the elevated level of aggression among heroin users is driven by 
individual differences in aggressive behavior and other risk factors, such as childhood 
abuse, family history of aggression and psychiatric illness, and living in a poor 
neighborhood, rather than the direct effect of heroin itself[30,68].

Cannabis: Cannabis is commonly regarded as a relatively harmless substance, but 
there is strong evidence that cannabis withdrawal can cause anger and lead to hostile 
behavior[30,69,70]. Compared with non-users, regular cannabis users were almost 
twice as likely to show aggressive behavior towards their partner, were 1.2 times more 
likely to be victims of aggression by their partners and were 2.4 times more likely to be 
both perpetrators and victims of aggressive behavior[71]. These findings remained 
true even after controlling for the effects of alcohol and other drugs[71].

Stimulants: Both cocaine[22,59] and methamphetamine use can trigger hostile 
behavior[31,72-74]. 3,4-methylenedioxy-N-methamphetamine has been found to 
reduce aggression during its acute use[30,75,76], followed by a flare-up of aggression 
in the following days and a return to baseline after approximately one week[77]. A 
meta-analysis found that among illicit drugs, cocaine has the strongest link to physical, 
sexual, and psychological aggression[78]. Tomlinson et al[30] highlighted that the 
relationship between cocaine use and aggressive behavior may be enhanced by 
personality traits, such as poor impulse control and antisocial traits.

Hallucinogens: The use of most hallucinogens has been negatively correlated with 
aggression, i.e., positively associated with a lowered risk of aggressive behavior and 
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elevated mood[30,79]. Both psilocybin[80] and lysergic acid diethylamide[30,31] 
decrease interpersonal conflicts and subsequent aggressive behavior[81].

Acute psychotic disorder
More than 50% of all violent incidents in the context of psychiatric illness occur during 
psychiatric care[82-85]. Psychotic symptoms have traditionally been considered as a 
major contributing factor to aggression[83,86-88].

Several studies have shown that first-episode psychoses carry a high risk of 
aggressive behavior[89-91]: approximately one-third of patients with first-episode 
psychosis exhibit hostility and verbal and/or physical aggression during hospital-
ization, and the severity of their violence frequently poses risk to others[92]. In one 
study, 16% of patients with first-episode psychosis were reported to be aggressive in 
the week before admission, 7% were aggressive in the week after admission, and 10% 
were aggressive in both periods[92]. In another study, aggressive behavior was obser-
ved in more than half of the patients with first-episode psychosis, with verbal 
aggression being the most common aggressive behavior in inpatient wards[88,93]. In a 
similar study, nearly 70% of participants with first-episode psychosis were reported to 
have committed at least one act of physical and/or verbal abuse in the year prior to 
admission, and 43% and 61.5% showed physical and verbal aggression, respectively
[85].

A study reported that most of the violent acts by patients with first-episode 
psychosis targeted themselves or property, whereas only 7% of the violent acts were 
committed against another person, and only 2.5% of these caused actual injuries, such 
as bruises and scratches[92]. Furthermore, 46% of patients had conflicts with the law, 
of whom 42.9% were arrested and 35.1% spent at least one night in prison[85]. 
Approximately one-fifth of patients reported some form of suicidal ideation and 
behavior, including suicide attempts, during the first episode of psychosis[88]. A 
recent meta-analysis found that 18.4% of patients attempted suicide during their first 
episode of psychosis prior to seeking treatment[94].

Several sociodemographic and illness-related factors can contribute to the 
development of aggressive behavior[95,96]. Risk factors for aggression during first-
episode psychosis include younger age, male sex, lower socioeconomic status, a longer 
duration of untreated psychosis, a manic state, drug use, antisocial personality traits, 
childhood emotional/physical/sexual abuse, and impulsivity[85,88,90,97-99].

Schizophrenia
Patients with schizophrenia tend to exhibit hostile behavior, particularly during an 
acute psychotic episode. These patients face an almost four times greater risk of 
aggressive behavior than people with no psychiatric problems[82,100,101]. The degree 
of aggression is significantly related to psychopathology[101-103]. Violent behavior is 
more commonly displayed by patients who have psychotic symptoms, such as 
command hallucinations that encourage them to act violently[104]. Impulsivity in 
schizophrenia is also closely related to aggression and suicidal behavior[3,105-107]; in 
a study of risk factors for suicide in schizophrenia, 11.6% of the patients attempted 
suicide right after the violent behavior[108]. Patients with schizophrenia, particularly 
those in the acute phase, frequently exhibit hostility, anger, and agitation that can lead 
to verbal or even physical aggression[109-111]. Both hostility and aggressive behavior 
are associated with longer and more frequent hospitalization[100,112-115]. Aggression 
also occurs frequently after discharge from hospital: a meta-analysis revealed that 10% 
of patients with schizophrenia, compared with only 2% of the general population, 
exhibited aggressive behavior in the community[116].

The prevalence of threatening and aggressive behavior is common in hospitalized 
schizophrenia patients, ranging from 10% to 45%[1,110,117-121], but a recent meta-
analysis found higher rates of 15.3%–53.2%[122]. Although different forms of 
aggression are common, with verbal aggression occurring in up to 75% of the cases, 
serious physical injury is rare[1,93,123-125].

The prevalence of auto- and hetero-aggression in schizophrenia has been reported 
to show considerable intersex differences. For example, in a previous study, 75% of the 
male patients and 53% of the female patients demonstrated some form of aggressive 
behavior during their first hospitalization and in the following two years, while 17% of 
the male patients and 26% of the female patients attempted suicide[100]. Demographic 
factors that predict aggression include younger age, male sex, and single marital status
[1,3].

Co-morbid psychiatric disorders, primarily substance use disorders, significantly 
contribute to aggressive and violent behavior in patients with schizophrenia[100,116,
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126,127]. It is estimated that 20%–65% of patients with schizophrenia use illicit drugs, 
compared with 16.7% of the general population[101]. In addition to substance use 
disorders, other common comorbidities, such as antisocial personality disorder, can 
also increase the risk of aggressive behavior in patients with schizophrenia[2,3].

Bipolar affective disorder
Bipolar disorder is associated with an increased risk of aggressive behavior[128-131]. A 
high risk of aggressive behavior has also been demonstrated in bipolar patients in 
remission[110,132-134]. The lifetime prevalence of aggression was 12.2% in a mixed 
group of bipolar patients[135] and 25.3% in patients with bipolar I disorder[136].

Aggressive or violent behavior in bipolar patients usually appears during acute 
manic episodes[137-139] and is a common cause of hospitalization in this population
[130,140-142]. Involuntary hospitalization for acute mania is significantly associated 
with higher rates of aggression/violence and lower rates of insight[109,143]. A clear 
association was found between the presence and severity of aggression during a manic 
episode and psychotic symptoms[130,144]. Patients with mood-incongruent psychotic 
symptoms are more prone to agitation or aggression[145-149]. Agitation — a common 
symptom in acute bipolar mania — is characterized by motor restlessness and increa-
sed responsiveness that can lead to physical aggression[110,150]. No association has 
been found between aggressive and suicidal behaviors in bipolar illness[130] or 
between male sex and aggressive behavior[141,151].

Serotonergic hypoactivation has been hypothesized to play a role in the neurobio-
logical basis of aggression in bipolar illness[131]. The association between prefrontal 
cortical dysfunction and aggressive behavior in bipolar patients has been repeatedly 
confirmed[152-154]. Damage to the prefrontal cortex results in disruption of executive 
functions, leading to dysfunctional patterns of behavior in the social realms including 
emotional outbursts, increased risk-taking and aggression as well as disorganized 
behavior[61,155]. Executive dysfunction is common in bipolar disorder, schizophrenia 
and acute psychoses[156,157], where impaired impulse control and dysregulated 
behavior manifest in aggression[158].

A further possible explanatory factor for aggression in mania may be a lack of 
insight. Aggressiveness during acute manic episodes depends on the severity of the 
episode and the degree of insight[130,159]. Possible predictors of aggressive or violent 
behavior in mania include past aggressive or violent behavior, criminal history, 
childhood sexual abuse, being a victim of previous violence, comorbid PDs, and 
alcohol and/or drug abuse[110].

Major depressive disorder 
Depression is a risk factor for aggressive behavior, mostly in the form of auto-
aggression[160]. Factors associated with aggressive behavior in depression include 
impulsivity[160-163], alcohol use[160,164-168], and the risk of suicidal behavior[169-
173]. High impulsivity scores were found in a sample of patients diagnosed with major 
depressive disorder who had previously attempted suicide[163]. Suicide attempters 
are more aggressive than non-attempters[174-177].

Associations have also been found between attachment anxiety and suicide 
attempts[178,179] and between the expression, proneness, and attributions of anger 
and adult attachment styles[179]. Adults with a preoccupied attachment style, which is 
characterized by the person having a negative image of him/herself and a positive 
image of others, are more likely to display high-risk behaviors and even suicidal 
gestures due to their dysregulated emotional and behavioral control[178]. Insecurity is 
associated with signs of dysfunctional anger, such as hostility. An anxious-ambivalent 
attachment style is characterized by inward-directed anger and displaced aggression, 
whereas a secure attachment style is characterized by the appropriate, functional 
expression of anger[173,178,179].

Symptoms of depression and anger have been associated with attachment style and 
auto-aggression in depressed inpatients[173]. It was hypothesized that the aggressive 
behavior of patients with elevated attachment anxiety is self-directed, resulting in non-
suicidal self-harm or suicide attempts. This theory is supported by the fact that 
depressive symptoms are strongly associated with suicide attempts, suggesting that 
depression is a partial mediator to the relationship between attachment anxiety and 
self-directed aggression[173].

Increased alcohol consumption is also a mediator to the relationship between 
depression and aggression. In one study, the prevalence of alcohol use disorder was 
estimated at 32.3% in a sample of people who reported a depressive episode in the 
previous year, as opposed to only 9.5% in the non-depressed sample[180].
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It was hypothesized that in the anxiety/aggression-driven subtype of depression, 
depressive episodes are triggered by increased anxiety and/or unregulated, outwardly 
directed aggression, such as irritability or outbursts of anger. Consequently, in this 
subtype of depression, the symptoms of dysregulated aggression and/or anxiety mask 
the depressive mood[181]. Assessment of depression should include a search for 
evidence of comorbidity with alcoholism and personality traits such as aggression and 
impulsivity to better understand the link between depression and suicidal behavior 
and to identify patients at a higher risk of suicidal behavior[166].

Obsessive–compulsive disorder
The relationship between obsessive–compulsive disorder (OCD) and aggression has 
been explored in relatively few studies. Increased aggression and hostility in OCD are 
positively correlated with symptoms of hoarding[182,183], the inhibition of avoidant 
behavior or rituals[184], and the severity of OCD symptoms[183,185,186].

In OCD, indirect aggression is more common and direct aggression is relatively 
infrequent[187]. The relationship between latent aggression (hostility/aggression 
toward other individuals, which is not openly expressed but manifested in fantasies or 
disguised forms that are not always conscious to the individual) and OCD has been 
explored[188-190] but not extensively studied. Explanations offered for this association 
include the psychodynamic theory of OCD[189,190] and the role of anxiety, which 
may prevent OCD patients from expressing their anger because they are worried 
about how others will react to an openly aggressive behavior[183,191].

Increased anger[192,193], hostile behavior[183,194], and frequent interpersonal 
conflicts have been reported in studies on OCD[183,189,190,195]. In one study, more 
than half of the OCD patients reported interpersonal conflicts, with one in two patients 
admitting that they were aggressive with their partner[195]. Family members who 
refuse to participate in the rituals of an OCD patient may be targets of aggressive 
behavior[190,195]. Another source of interpersonal conflict in OCD is when patients 
take excessive precautions to maintain the safety of others (e.g., forced control of locks) 
who do not take these precautions as seriously[196], which induces anger and hostile 
behavior in OCD patients[197]. Patients find it harder to alleviate their anxiety when 
experiencing high levels of hostility, which predicts poor treatment outcomes[183,191,
198]. Hostility and high levels of anxiety are linked to suicide in OCD patients; in a 
recent study, 27% of the OCD patients had suicidal ideation during their lifetime and 
33% had attempted suicide[198].

Personality disorders
PDs are associated with an increased risk of developing aggressive and violent 
behavior[199-201]. The relationship between PDs and aggression is complex, because 
PDs differ in terms of the type, severity of frequency of aggressive behavior[202,203]. 
Among the 10 PDs described in the Diagnostic and Statistical Manual of Mental 
Disorders, Fourth edition, aggression is typically associated with Cluster B PDs 
(antisocial, borderline, histrionic, and narcissistic PDs) and paranoid PD among 
Cluster A PDs[204-208]. Patients with Cluster B PDs are 10 times more likely to have a 
criminal conviction and eight times more likely to be in prison than patients with other 
PDs[209]. Violent crime is most frequently exhibited by individuals with antisocial PD 
but is also common among criminals with borderline, narcissistic, and paranoid PDs
[210].

Patients with antisocial and borderline PDs have the greatest risk of hostile behavior
[208], being four times more likely to be hostile in a psychiatric ward than patients 
with other PDs[121]. Patients with antisocial PD are 12.8 times more likely to commit a 
violent act, compared with the general population[211]. Up to 73% of patients with 
borderline PD have been found to behave aggressively during a one-year period[212], 
58% participated in “occasional or frequent” fights, and 25% used a gun against others 
at some point in their lives[213]. Crimes committed by patients with borderline PD are 
impulsive, explosive episodes of physical violence, whereas those committed by 
patients with antisocial PD are driven by instrumental aggression[214,215].

Borderline personality disorder: The hostile behavior of patients with borderline PD 
is predicted by several possible factors, including interpersonal dysfunction, negative 
interpersonal events[216,217], hypersensitivity to social rejection[218], and increased 
sensitivity to threat[208,219]. One study reported that patients with borderline PD 
experienced significantly more fear than did healthy controls when presented with 
neutral faces[220,221]. These results suggest that patients with borderline PD do not 
properly recognize facial emotional expressions, which increases their feelings of 
threat or provocation and may ultimately lead to reactive aggression[219]. Factors 
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underlying hostility in borderline PD include comorbid psychiatric disorders and/or 
substance use, affective lability, and childhood abuse[222,223]. Affective dysregulation 
and impulsive aggression in these patients require special attention, as they are risk 
factors for suicidal behavior, self-harm, and interpersonal aggression and influence the 
choice of psycho- and pharmacotherapy[223]. Most studies have found no significant 
intersex difference in the aggressive behavior of patients with borderline PD, but one 
study reported more self-aggressive behavior among female patients than among their 
male counterparts[224].

Antisocial personality disorder: While the aggressive behavior of patients with 
borderline PD is generated primarily from intense anger and instability[225], patients 
with antisocial PD usually perceive their environment as hostile, and therefore, their 
aggressive behavior stems from their perceived need to fight for their own safety and 
survival[226]. These patients use hostility to gain personal benefits[227-229]. They are 
scarcely able to delay gratification and thus use aggressive behavior when their 
demands are not met[226].

Narcissistic personality disorder: Narcissism has been reported to be a significant 
predictor of violent behavior in clinical and forensic psychiatric samples, with odds 
ratios ranging from 1.21 to 11.46[230]. A systematic review found that both low self-
esteem[231] and unstable self-esteem[230] in patients with narcissistic PD are associa-
ted with violent behavior and hostility. Individuals with high but unstable self-esteem 
are most likely to report anger and hostility, whereas high but stable self-esteem 
prevents anger and aggression[225].

Intellectual disability
Aggressive behavior by people with intellectual disability is the main reason for their 
referral to healthcare services[232-235]. A hostile attitude can have serious negative 
consequences for people with intellectual disabilities, as it can damage their personal 
development and social relationships and their quality of life[236-238]. In addition, the 
aggressive behavior of patients with intellectual disabilities often imposes a heavy 
burden on their relatives and caregivers and thereby negatively impacts their quality 
of life[235,237].

Patients with intellectual disabilities exhibit different forms of aggression, including 
physical and verbal aggression, destructive behavior toward the physical environ-
ment, self-harm behavior, and sexually aggressive behavior[232,235], and the 
prevalence of these different forms also differs significantly among patients[239]. The 
prevalence of physical aggression ranges from 2.1%[240] to 24.4%[232], while that of 
verbal aggression ranges from 5.9%[241] to 37.6%[232]. Verbal aggression is the most 
common form of aggressive behavior in this population[232,234,242]. A study reported 
that the incidence of any form of aggressive behavior in these patients assessed in a 
one-year period was 51%, whereas that of all forms of hostile behavior was less than 
6%[232].

The extent of hostility and its behavioral manifestations are linked with psychoso-
cial and sociodemographic factors, the severity of intellectual disability, and the 
presence of comorbid psychiatric disorders. For example, aggressive behavior is more 
common in men with intellectual disability than in women[243]. Sexually aggressive 
behavior is associated with the severity of intellectual disability[235] and with the 
frequency of rage and objectionable personal habits[244]. Physical aggression is 
associated with more severe intellectual disability and younger age[234]. Hostile 
behavior is more common in cases wherein intellectual disability is associated with 
autism, psychotic disorder, paranoia, depression, and/or a PD[245]. Self-harm 
behavior is more common in cases with comorbid autism[232,246].

The incidence of auto-aggression, destructive behavior, and hostility against others 
is higher in health care facilities than at home[247]. van den Akker et al[235] 
emphasized that hostility is also determined by factors such as the quality of care and 
the quality and frequency of interpersonal interactions with caregivers. Among 
patients with intellectual disability, aggressive behavior is frequently used to attract 
the attention of caregivers thereby increasing the frequency of social interactions[235,
248]. Therefore, understanding the background of hostile behavior for each individual 
is essential to find an effective treatment[235].
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MEASUREMENT TOOLS FOR AGGRESSION
Predicting and preventing aggression and violence are key issues faced by psychi-
atrists and forensic physicians[249]. Several methods are used to measure aggression, 
namely interviews, observation, laboratory tests, and projective and self-reported 
questionnaires[250]. However, all of these methods have limitations, such as social 
desirability, the effect of cognitive functioning on an individual’s self-perception, or 
the observer’s effect on observational methods[250,251]. Interpretation of risk factors 
should involve the patients and their family members to better understand the 
triggering factors, such as impulsive behavior and substance use[5]. Self-administered 
questionnaires correctly predict aggressive acts only if the patients admit to 
committing violent acts[252]. Patients who deny their symptoms and aggressive 
behavior, particularly physical aggression, have lower scores in self-administered 
questionnaires (e.g., in AQ)[252]. Structured, systematic assessment tools for predicting 
direct aggression are a relatively new addition to clinicians’ armamentarium to report, 
predict, and assess the risk of violence in psychiatric populations[249,253]. In a study 
by Ogloff et al[254], the accuracy of predicting impending aggression was significantly 
increased by using a dynamic, structured risk assessment tool for nurses in an acute 
psychiatric hospital. The main limitations of structured risk assessment tools are the 
time and resources required to administer them and the difficulties in translating the 
results into clinical practice[255] (Table 1).

Measurement tools based on observation 
Dynamic Appraisal of Situational Aggression–Inpatient Version (DASA-IV[254]): 
The DASA-IV is a 7-item (negative attitudes, impulsivity, irritability, verbal threats, 
sensitive to perceived provocation, easily angered when requests are denied, and 
unwillingness to follow directions) structured risk assessment tool used to evaluate 
inpatient aggression. Each of the seven items is evaluated dichotomically, based on its 
presence or absence in the last 24 h. It takes less than 5 min to complete the scale. 
Scores of 0, 1 to 3, and 4 or higher indicate very low, medium, and high risks of aggres-
sion, respectively, while a score of 6 or 7 indicates a risk of immediate aggression 
warranting preventive measures[254]. The DASA-IV has moderate or good power for 
predicting aggressive events[249,253,255].

Historical, clinical, risk management: 20 factors (HCR-20V3[256]): The HCR-20V3 is a 20-
item assessment tool that predicts the risk of interpersonal violence. The historical (H) 
scale consists of 10 items related to violence, and their presence is not expected to 
decrease with time or treatment even if the relevance of these factors may change over 
time. The clinical (C) scale consists of five items that are dynamic in nature and can 
change over time or during treatment. The risk management (R) scale also consists of 
five items that are dynamic and appraise concerns about the future. The items of the 
HCR-20V3 are similar to those in the second version of the HCR-20, although some 
have been revised or classified under other items in the third version[257]. Although 
relatively few validation studies have been performed on the third version[258], good 
inter-rater reliability was found for both the whole scale and its sub-scales (between 
0.90 and 0.93) when scores were based on interviews and clinical documentation. The 
HCR-20V3 has good predictive value for violence occurring over a 6- to 12-mo follow-
up period[259].

Brøset Violence Checklist (BVC[260]): The BVC is a 6-item violence risk assessment 
checklist that evaluates six behavioral changes (confusion, irritability, boisterousness, 
physical threats, verbal threats, and attacks on objects) that often trigger aggression 
among inpatients[260]. The BVC can be assessed quickly and easily (“1” denotes the 
presence of the behavior and “0” its absence) and is intended to predict the risk of 
inpatient violence occurring within 24 h. The total score is derived from the sum of the 
scores for each item. A score of 1 or 2 indicates a moderate risk of violence that 
requires preventive action, whereas a score of 3 or higher indicates a high risk of 
violence that requires immediate preventive action and activation of attack 
management plans[253,260,261].

Staff Observation Aggression Scale-Revised (SOAS-R[262]): The SOAS-R consists of 
five items measuring different aspects of aggression: observed provocation, means 
used by patient, aim of aggression, consequences, and immediate measures taken by 
nurses. The total score is calculated by summing the scores for each item; scores range 
from 0 (no aggression) to 22 (most severe form of aggression). A score of 9 or higher 
indicates severe aggression[262]. The good psychometric properties of this scale have 
been confirmed by validation studies[249,262,263].
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Table 1 Measurement tools for agression

Name of the questionnaire Year of 
development

Method of 
rating Items Scoring

Dynamic Appraisal of Situational 
Aggression–Inpatient Version[254]

2006 Observation 7 (negative attitudes, impulsivity, irritability, verbal threats, sensitive to perceived provocation, easily angered when requests are 
denied, and unwillingness to follow directions)

0-7

Historical, clinical, risk management: 20 
factors[256]

2013 Observation 20 (historical (H) scale consists of 10 items; clinical (C) scale consists of 5 items; risk management (R) scale consists of 5 items) 0-40

Brøset Violence Checklist[260] 2000 Observation 6 (confusion, irritability, boisterousness, physical threats, verbal threats, and attacks on objects) 0-6

Staff Observation Aggression Scale-
Revised[262]

1999 Observation 5 (observed provocation, means used by patient, aim of aggression, consequences, and immediate measures taken by nurses) 0-22

Modified Overt Aggression Scale[264] 1989 Observation 4 (verbal aggression and aggression against property, self, and others) 0-40

Buss–Durkee Hostility Inventory[269] 1957 Self-rating 75 (7 subscales: assault or direct physical violence against others; indirect hostility; irritability or explosiveness; negativism; 
resentment, anger, jealousy; mistrust; and verbal aggression)

0-66 total hostility 
score; 0-9 guilt score

Aggression Questionnaire[272] 2000 Self-rating 34 (5 subscales: physical aggression; verbal aggression; anger; and hostility; indirect aggression) 34-170 (5-point 
Likert scale)

State–Trait Anger Expression Inventory 
2[274]

1999 Self-rating 57 (contains 6 scales: state anger; trait anger; anger expression-out; anger expression-in; anger control-out; anger control-in and 5 
subscales: state anger/feeling, state anger/verbal, state anger/physical, trait anger/temperament, and trait anger/reaction, and an 
anger expression index)

57-228 (4-point 
Likert scale)

Modified Overt Aggression Scale (MOAS[264]): Adapted from the Overt Aggression 
Scale[265], the MOAS is used to measure aggression. Although the scale was 
developed to evaluate the hostile behavior of adult psychiatric inpatients, it has also 
been used in older patients with dementia[250]. The MOAS consists of four subscales 
(verbal aggression and aggression against property, self, and others). The items are 
rated on a 5-point Likert scale, and each category is weighted: the severity of verbal 
aggression is given the lowest weight, whereas that of physical aggression is given the 
highest weight. The sum of the scores for the four subscales indicates the severity of 
overall aggressive behavior. The total weighted score ranges from 0 to 40. Psycho-
metric studies of the MOAS have demonstrated good reliability and validity[266-268].

Self-report measurement scales
Buss–Durkee Hostility Inventory (BDHI[269]): The BDHI consists of 75 dichotomous 
(true or false) items and is divided into seven subscales: assault or direct physical 
violence against others; indirect hostility through gossiping, joking, slamming doors, 
or breaking things; irritability or explosiveness and annoyance at the smallest 
stimulus; negativism as either active rebellion or passive obedience to rules and 
authority; resentment, anger, jealousy, and/or hate of others due to real or supposed 
maltreatment; mistrust and the belief that others are damaging and diminishing the 
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patient; and verbal aggression in style or content. Scores are added up to obtain a total 
hostility score based on 66 of the 75 items, after omitting the guilt items, which form a 
separate guilt scale to examine the influence of guilt on aggressive behavior. In a meta-
analysis, the subscale score reliability for the BDHI was found to be less than desirable, 
as the Cronbach’s alpha coefficients were generally between 0.50 and 0.69[270]. 
Nevertheless, the BDHI is one of the most widely used aggression measurement 
questionnaires both in clinical practice and research[271].

Aggression Questionnaire (AQ[272]): The AQ was developed to measure aggression
[272], following the widespread and most commonly used BDHI[248]. The AQ 
contains 29 items rated on a 5-point Likert scale and has four subscales: physical 
aggression (9 items), verbal aggression (5 items), anger (7 items), and hostility (8 
items). Buss and Warren[273] revised the AQ and developed a 34-item version in 
which a fifth subscale—indirect aggression—was added. A higher score indicates an 
elevated predisposition to aggression. For the 29-item AQ, the Cronbach’s alpha scores 
for the subscales ranged from 0.72 (verbal aggression) to 0.85 (physical aggression), 
and with a score of 0.89 for the overall scale. The internal consistency of the 34-item 
AQ is acceptable, with Cronbach’s alpha scores for the subscales ranging from 0.71 
(indirect aggression) to 0.88 (physical aggression) and an overall reliability score of 
0.94[271,273].

State–Trait Anger Expression Inventory 2 (STAXI-2[274]): The 57-item STAXI-2 
consists of six scales that evaluate the experience, expression, and control of anger
[274]. The State Anger subscale assesses the intensity of anger at a particular time, 
whereas the Trait Anger scale measures the intensity of anger over time. The Anger 
Expression and Anger Control scales assess four mostly independent traits: expression 
of anger toward objects or others (Anger Expression-Out), holding in or suppressing 
angry feelings (Anger Expression-In), controlling angry feelings by preventing their 
expression toward objects or others (Anger Control-Out), and controlling suppressed 
anger by calming down or cooling off (Anger Control-In). The psychometric indicators 
of the STAXI-2 suggest adequate reliability and factorial, criterion, and construct 
validity[275-278].

CONCLUSION
The aim of this review was to provide an overview of the aggressive behavior 
exhibited by patients with various psychiatric disorders. It discussed the manifest-
ations and frequencies of aggression and the most commonly used measurement tools 
for aggression. Our review reveals that certain psychiatric disorders may carry an 
increased risk of aggressive behavior, which may be influenced by several other 
factors in addition to the presence of the psychiatric disorder. Examples of such factors 
include sex, age, socioeconomic status, comorbid disorders, and pre-existing 
aggressive behavior. Quantitative measurement tools, of which we have presented the 
most frequently used options, can help with the appropriate assessment of aggression. 
Successful aggression prevention programs can be developed based on the results of 
aggression risk evaluation. Note that the present review does not intend to increase 
the degree of stigmatization of psychiatric patients. Rather, it aims to draw attention to 
the risk factors for aggressive behavior, the importance of risk assessment and 
prevention of aggression, and the different possible interventions to manage 
aggression.
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Abstract
We review the still scarce but growing literature on resilience to the effects of 
social stress on the rewarding properties of drugs of abuse. We define the concept 
of resilience and how it is applied to the field of drug addiction research. We also 
describe the internal and external protective factors associated with resilience, 
such as individual behavioral traits and social support. We then explain the 
physiological response to stress and how it is modulated by resilience factors. In 
the subsequent section, we describe the animal models commonly used in the 
study of resilience to social stress, and we focus on the effects of chronic social 
defeat (SD), a kind of stress induced by repeated experience of defeat in an 
agonistic encounter, on different animal behaviors (depression- and anxiety-like 
behavior, cognitive impairment and addiction-like symptoms). We then 
summarize the current knowledge on the neurobiological substrates of resilience 
derived from studies of resilience to the effects of chronic SD stress on depression- 
and anxiety-related behaviors in rodents. Finally, we focus on the limited studies 
carried out to explore resilience to the effects of SD stress on the rewarding 
properties of drugs of abuse, describing the current state of knowledge and 
suggesting future research directions.
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Core Tip: Preclinical research on drug addiction has focused on the factors that enhance 
vulnerability to develop drug addiction. Recent studies of resilience have determined 
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the neurobehavioral traits that confer protection against developing an addictive 
disorder after stress exposure. Active coping strategies to face the stressor and the 
absence of depression-like symptoms are consistently associated with resilience to the 
stress-induced potentiation of the rewarding effects of cocaine and alcohol. Unravelling 
the neurobiological substrates of resilience is key to developing pharmacological and 
psychological interventions to enhance stress resilience in order to prevent the 
development of addiction and other stress-related disorders.
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INTRODUCTION
The noun resilience derives from the Latin resiliens, the present participle of resilire (re- 
"back" + salire "to jump"), and was first used by Cicero and Francis Bacon (among 
others) as a synonym of rebound[1]. From the nineteen century on, material science 
has also used the word resilience to indicate the flexibility of a material or its ability to 
resist stress (force being applied) without permanent deformation. In the context of 
psychology, resilience can be defined as “the process of adapting well in the face of 
adversity, trauma, or other significant sources of stress”[2,3]. Besides the rebound of 
the equilibrium, resilience often implies an increase in mental resistance.

Although resilience is sometimes considered an extraordinary capacity of some 
individuals, research indicates that it is a common trait. The majority of individuals 
exposed to trauma or stressful events adapt to and overcome stress and maintain 
normal psychological and physical functioning without developing stress-related 
disorders[4]. Approximately 50% of people experience trauma in their life, but the 
prevalence of post-traumatic stress disorder (PTSD) is about 8%[5]. Resilience is an 
innate capacity, although it is not a stable trait, it is a dynamic process[6,7] that 
changes through a life span and can be enhanced by different factors.

RESILIENCE TO STRESS AND DRUG ADDICTION
Most research on resilience has focused on the biological and behavioral profile of 
individuals who are resilient to developing psychiatric illnesses such as depression 
and PTSD after exposure to stress. However, studies on resilience to the effects of 
stress on the initiation, maintenance and relapse to addictive disorders are very 
limited. In fact, almost all research regarding substance use disorders (SUD) has 
focused on risk; i.e., the factors that predispose an individual to develop an addictive 
disorder. Vulnerability to the effects of drugs of abuse depends on multiple factors, 
including biologic factors such as genetic load, which are modified by life experiences 
and the environment in which the individual lives. Stressful experiences have a 
profound impact on the brain[8], for this reason, stress can increase vulnerability to 
addiction. Exposure to stress, especially in early life and adolescence, induces long-
term modifications in the physiological response to stress, emotional reactivity, the 
brain reward system and cognitive processing, all of which contribute to the increased 
vulnerability to develop a SUD[9]. However, as commented on before, most people are 
resilient to stress. Consequently, only a small percentage of individuals that experience 
a traumatic event or are exposed to chronic stress develop an addictive disorder.

In recent years there has been an important impulse in the study of resilience to 
develop a SUD or an addictive behavior. In fact, until 2010, literature related to 
resilience and addiction was scarce, while in the last ten years the number of works on 
the subject has increased exponentially (Figure 1). Epidemiologic studies indicate a 
clear association between low resilience (often during adolescence) and the increment 
of addictive behaviors[10,11]. Resilience is a factor moderating the relationship 
between stress and alcohol use disorders (AUD)[12] and is strongly associated with a 
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Figure 1 Results from the search “resilience and addiction” in the PubMed database (https://pubmed.ncbi.nlm.nih.gov, accessed on 
December 15, 2021). Number of papers published each year from 2000 until 2020.

reduction in the risk of AUD, though there is not a direct causal relationship but rather 
an overlapping of genetic and environmental influences[13]. Animal models used to 
study the impact of stress on drug addiction[14,15] are also being incorporated into 
research to identify the behavioral and physiological traits that characterize animals’ 
resilience to the effects of stress on the rewarding properties of drugs of abuse, as well 
as the neurobiological substrates of the resilience process.

Addressing the perspective of resilience in the study of addictive behaviors is 
promising as a way of enhancing knowledge regarding the neuroscience of addiction. 
However, as Rudzinski et al[16] noted, there are difficulties in the use of the concept of 
resilience in the field of drug addiction, especially regarding its definition and 
operationalization as a trait, as a process or, as is more common, as an outcome (for 
example, the absence of SUD). In addition, it is important to distinguish between 
resilience (a concept with multiple meanings) and resiliency, which is a personality 
trait that has been linked to alcohol/drug problems and is defined as “the ability to 
flexibly adapt impulse control relative to contextual demand”[17]. Some studies define 
resilience as the capacity to maintain abstinence and not relapse to drug use during a 
recovery period[18,19]. In this sense, neuroimaging studies have shown that conserved 
prefrontal cortex (PFC) morphology and heightened neural PFC engagement are 
linked to abstinence and resilience against relapse in alcohol-dependent patients[19]. 
Other studies consider drug use as a stressor or risk factor for resilience (for example
[20]), while some studies do not evaluate resilience to stress. In the last case, the 
concept of resilience is used to design a reduced response to the drugs of abuse in 
rodents that have been exposed to a genetic or pharmacological manipulation[21,22].

In the present review we mainly focus on research that has studied resilience to the 
effects of stressful experiences on subsequent drug use/abuse in animal models. First, 
we succinctly comment on the protective factors associated with resilience in studies 
with humans and explain the relationship between the physiological response to stress 
and resilience, since most human studies have focused on the neuroendocrine changes 
that are predictive of resilience. We then discuss the main animal models used to 
study resilience to social stress and review advances concerning the neurobiological 
substrates of resilience in said studies. Finally, we discuss research that specifically 
addresses resilience to the effects of repeated social defeat (SD) on the rewarding 
properties of drugs of abuse and lay out future research directions and conclusions.

BEHAVIORAL TRAITS AND PROTECTIVE FACTORS ASSOCIATED WITH 
RESILIENCE 
Different protective factors associated with resilience can be identified on biological, 
psychological, and social levels. Among the internal factors are stable predispositions 
(such as genotype or personality traits) and the influence of skills or capacities 
acquired through interaction with stressors (emotion-regulation abilities, appraisal 
styles, etc.). Resilient people are more prone to experience positive emotions, realistic 
optimism, cognitive reappraisal (ability to replace negative thoughts with more 
positive ones), secure attachment, an active coping with stress, high coping self-
efficacy, self-esteem, empathy, prosocial behavior and altruism, a healthy lifestyle (for 
example, physical exercise) and a sense of coherence (moral compass that gives 
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meaning of life)[4,16,23,24].
There are also external factors related with resilience at three levels[16]: Family 

(parental supervision, setting boundaries, bonding, support, etc.), school (positive 
environment, good relationships with teachers and peers, school engagement and 
extra-curricular activities involvement, etc.) and community (positive relationships 
with friends or neighbors, participation in religious practices, community engagement, 
community support, etc.). All these internal strengths and external resources help to 
prevent maladaptive responses to adversity[9]. Longitudinal studies have indicated 
several key factors related with resilience and a successful transition from childhood 
and adolescence to adulthood, such as social support (family, peer relationships, 
romantic partners, etc.), self-discipline, and good cognitive and executive functioning 
(planification, cognitive flexibility, etc.)[25]. Children exposed to war show increased 
risk of PTSD in adulthood, but some protective factors against the deleterious impact 
of war have been identified, including a loving and supportive environment (family, 
peers, teachers, etc.), a shared sense of values and religious beliefs, positive thinking 
and generosity[26]. Similarly, in patients with psychiatric disorders (depression 
and/or anxiety), factors predictive of low resilience include lack of purpose in life, less 
frequent physical exercise and low spirituality[27]. A study with fire-workers 
indicated that the trait of mindfulness (concentration on and moment-to-moment 
awareness of bodily activities and feelings) contributed to resilience, thus reducing 
avoidant coping in response to stress. Fire-workers with this trait reported less alcohol 
problems and reduced physical, depressive and PTSD symptoms[28].

As mentioned before, resilience is a dynamic process that raises individuals up from 
life’s adversities and allows them to successfully overcome stressful events. The 
phenomenon known as “stress inoculation” occurs when a person exposed to mild or 
moderate stressors develops an adaptive stress response and shows a higher resilience 
to the negative effects of a variety of subsequent stressors[5,29]. As demonstrated by 
the group of McEwen, the behavioral effects of stress follow an inverted U–shape 
curve; low and high stress levels induced impairing effects, but intermediate levels 
promote better coping responses[30]. In the same way as a vaccine induces immunity 
against disease[2], stress inoculation is a form of immunity or protection against later 
stress that may be a result of neuroplasticity in the PFC[29]. The “Systematic Self-
reflection model” proposes that engaging with moderate stressors can have positive 
consequences on mental health if sca olded in self-reflection, a meta-cognitive skill 
(consisting of an honest reflection on the individual’s coping and emotion regulatory 
practices) that leads to a cognitive maturity and on-going adaptation of the capacity of 
resilience[31]. On the other hand, substance use and other adjustment problems 
(depression, anxiety, rule-breaking, etc.) have been observed in adolescents from 
afuent families that have not been exposed to identified stressful experiences. These 
individuals are now considered as a group at risk that needs to build resilience 
through positive changes in parenting, construction and maintenance of supportive 
social networks, promotion of coping self-efcacy and self-esteem, etc[32].

PHYSIOLOGICAL RESPONSE TO STRESS AND RESILIENCE
Exposure to a physically or psychologically stressful stimulus immediately activates a 
physiological response characterized by a cascade of hormones in the hypothalamus-
pituitary-adrenal (HPA) axis that prepare the body for fight or flight. The 
paraventricular nucleus of the hypothalamus releases corticotropin-releasing factor 
(CRF), which leads to the release of adrenocorticotropic hormone (ACTH) by the 
adenohypophysis, which in turn stimulates the release of glucocorticoids (cortisol in 
humans and corticosterone in rodents) by the cortex of adrenal glands. There are 
negative feedback mechanisms in the HPA axis; for example, glucocorticoids suppress 
CRF and ACTH production. In addition, stress activates the sympathetic nervous 
system (SNS), which induces the adrenomedullary release of noradrenaline (NA). 
Stress also stimulates the brain’s noradrenergic system, resulting in the release of NA 
from the locus coeruleus (LC) to the amygdala, hippocampus, hypothalamus and PFC
[33,34]. Dopamine (DA) release is also altered by stress, with an increase in the PFC 
and a reduction in the nucleus accumbens (NAcc)[35], and acute stress increases 
serotonin turnover in the amygdala, hippocampus, PFC and NAcc[36-38], although 
other studies have shown a lack of an effect of acute stress on serotonin turnover in the 
amygdala, NAcc, striatum[39] and hypothalamic paraventricular nucleus[38].

Glucocorticoid elevation may cause damage and atrophy of neurons in different 
brain areas involved in memory and emotional behavior, such as the hippocampus 
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and amygdala, inducing physical and psychological problems. Moreover, chronic 
stress interferes with the activity of neurotrophic factors that are responsible for the 
formation and strengthening of new neurons and synaptic connections, especially in 
the hippocampus, such as brain-derived neural factor (BDNF). The volume of this 
structure and the levels of BDNF are reduced in subjects exposed to prolonged stress, 
which could be a risk factor for the development of PTSD[40-42]. Resilience can avoid 
these negative effects of stress, for example, through the release of substances that 
block the physiological stress response. Neuropeptide Y (NPY) and dehydroepi-
androsterone (DHEA) counteract CRF and cortisol, respectively[43,44]. Higher levels 
of NPY in response to acute stress predict less psychological distress and fewer 
symptoms of dissociation[45]. Furthermore, the brain of resilient people produces 
more BDNF, which also decreases levels of glucocorticoids in the hippocampus, and 
BDNF-mediated plasticity increases attention and memory and accelerates recovery 
from adversity. Resilient people have been shown to exhibit an adaptive stress 
response, rapid stress recovery (levels of cortisol decreasing fast after adversity) and 
lower susceptibility to stress-related physical and mental pathology[4].

There is an interface between the endocrine stress response and the immune system. 
Communication between neural, hormonal and immune systems is mediated by 
cytokines and chemokines, small molecules that mediate inflammatory processes, 
corticosteroids, pituitary hormones, catecholamines and neuropeptides[46,47]. 
Feedback between the peripheral immune system and the brain contributes to 
individual differences in the behavioral response to stress[48,49]. Resilient subjects 
display reduced neuroinflammation, which facilitates habituation to and recovery 
from stressful events and explains the lower incidence of medical and psychiatric 
diseases amongst these individuals[49,50,51]. Resilient people have lower systemic 
inflammation, and the psychosocial factors associated with resilience mitigate the 
impact of stress on systemic inflammation[51]. These bidirectional relationships 
between resilience and immunity are modulated by the gut microbiota[52]. There is an 
interaction between the gut and the brain that involves neural, endocrine, and immune 
pathways. It seems that the stress-induced activation of the HPA axis stimulates the 
immune system and causes changes in microbial diversity[53]. The gut microbiota has 
been associated with a wide range of physiological processes, including the response 
to stress[54]. Oral intake of Bifidobacterium was shown to significantly increase the 
number of mice that were resilient after repeated SD stress with respect to control 
animals not receiving treatment[55]. Moreover, administration of Lactobacillus was 
found to decrease anxiety-like behavior induced by repeated SD stress and to improve 
the immune response[56].

ANIMAL MODELS AND BEHAVIORAL PARADIGMS TO STUDY 
RESILIENCE TO SOCIAL STRESS
Animal models are necessary to understand the different aspects of human resilience, 
such as physiological or behavioral changes. As mentioned before, after exposure to 
stress, some humans develop a psychopathological disorder, such as depression or 
anxiety, while others are resilient to such effects. These disorders are complex and 
multifactorial and affect many aspects of human life; thus, no animal model can mimic 
the complexity of human disorder. However, animal models are useful for simulating 
some of the psychiatric symptoms[57] or behavioral dimensions that characterize a 
disorder[58]. After exposure to chronic stress, some animals develop depression– and 
anxiety–like symptoms and other behavioral alterations (susceptible or vulnerable 
animals), while others exhibit clear resistance to at least some of the maladaptive 
sequelae of stress (resilient animals). In addition, animal models also contribute to our 
understanding of the mechanisms underlying the development of resilience, such as 
the therapeutic effects of the inoculation of stress[59].

In this section, we first describe the animal models and behavioral tests used to 
study resilience to the symptoms of stress-related disorders, such as anxiety, 
depression, cognitive impairment or drug addiction and then the models used to 
induce stress in experimental animals. This is not an exhaustive review of these 
models, but only a brief description of the main paradigms used in preclinical studies 
of resilience. We focus on the model of SD stress in rodents, and on the behavioral 
paradigms that have been used to evaluate its short- and long-term consequences.
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ANIMAL MODELS OF STRESS EXPOSURE 
There are multiple techniques to induce stress in experimental rodents. Some of them 
use pharmacological stressors, such as daily administration of corticosterone[60], or 
physical stressors, such as restraint or immobilization[61]. Another model is based on 
a combination of physical and psychosocial stressors (chronic unpredictable stress 
(UCS) or chronic “mild” stress (CMS) paradigm)[62]. In the CMS, most animals (about 
70%) show anhedonia–like symptoms (less sucrose consumption), reduction of 
hippocampal volume and alterations in glutamate metabolism, although there is a 
subset of resilient animals that do not exhibit these changes[62]. Resilience to stress has 
also been studied with the model known as “predator odor”, in which the stress 
response is induced by exposing animals to the odor of a predator[63]. Usually, rats 
are classified into 3 groups according to the number and type of behavioral deficits 
observed as extremely, partially, or minimally disrupted. Anxiety–like symptoms, 
increased acoustic startle responses and reductions in NPY are observed in animals 
that are extremely disrupted, while partially and minimally disrupted animals exhibit 
mixed deficits within these domains[63].

The paradigm of learned helplessness is an animal model of depression that is also 
employed to induce stress and study resilience by exposing animals to the stress 
induced by an inescapable, unpredictable and uncontrollable foot shock[60,64,65]. 
After such exposure to stress, a subset of susceptible animals develops learned 
helplessness (coping deficits to deal with the inescapable shocks), while another subset 
of resilient animals displays escape responses with latencies similar to those of non-
stressed animals[64]. Results are in function of the severity, duration and control over 
cessation of the footshock, the last variable of which promotes resilience[65].

As commented on before, in the present work we focus on the model of chronic SD 
stress because it is the most used animal model to study resilience to the effects of 
stress and has more ethological and ecological validity. In fact, the most frequent type 
of stress faced by humans is the chronic social stress derived from problems with 
social interaction (family or friend relationships, work-place stress, bullying, etc.). In 
the chronic SD model, brief episodes of aggression from a more aggressive conspecific 
in the resident-intruder paradigm result in the defeat of the experimental animal 
(intruder), which usually shows anxiety- and depression-like symptoms[15,66-69]. In 
the most widely employed SD model, rats or mice are exposed to SD for 10 days. Each 
day, the experimental animal undergoes 10 min of physical attack by the aggressive 
opponent, followed by 24 h of sensory contact. The consequences of this kind of stress 
are also a function of the severity and duration of the defeat episodes but chronic SD 
exposure induced an escalation of cocaine and alcohol consumption. To study 
resilience, genetically inbred C57BL6/J male mice are usually employed. Following 
chronic SD stress, all mice exhibit heightened reactivity of the HPA axis, deficits in 
exploration (interpreted as increased anxiety) and polydipsia[70]. However, there are 
differences between susceptible and resilient mice regarding other consequences of 
chronic SD. Resilient mice do not exhibit social avoidance, hyperthermia elicited by 
social interactions, anhedonia–like symptoms, or metabolic syndrome, characterized 
by over–eating, obesity, and leptin resistance[70,71]. Approximately 35% of C57BL6/J 
mice are resilient, although the relative distribution of resilience differs across strains
[72]. Similarly, wild-type Groningen rats have better coping strategies and are more 
resilient to SD stress than Wistar rats[73].

A variation of the classical 10-day SD paradigm consists of exposing animals to 
intermittent repeated SD (IRSD); usually, four episodes of defeat separated by 
intervals of 72 h. The IRSD model is frequently employed in studies on the influence of 
social stress on vulnerability to developing drug addiction. Exposure to IRSD has also 
been shown to increase the rewarding effects of drugs of abuse[14,74,75,76]. In our 
laboratory, mice exposed to IRSD during adolescence or adulthood exhibit a long-term 
enhanced sensitivity to the rewarding effects of drug of abuse such as cocaine and 
MDMA[77,78,79].

To study the phenomenon of “stress inoculation” several types of moderate 
stressors have been used, including exposure to intermittent foot shocks[80] and brief 
intermittent maternal separations during early periods of life[81] or a combination of 
maternal separation and UCS[81]. Infant rats exposed to intermittent foot shocks 
subsequently respond more effectively than non-stressed control rats when confronted 
with novel situations[80]. The combination of maternal deprivation during early life 
with UCS during adolescence promotes greater resilience in adulthood than maternal 
deprivation alone or when combined with UCS[81].
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During chronic exposure to stress, behavioral strategies that limit the experience of 
stress may promote resilience[5]. During chronic SD, animals that engage in less 
submissive postures when threatened and attacked by the opponent show less social 
avoidance, suggesting that this behavioral coping strategy reduces the effects of the 
stress[82]. Behavioral manipulations have also been used to reduce the effects of stress 
and increase resilience; for example, exposure to physical exercise[83,84] or environ-
mental enrichment[85].

BEHAVIORAL PARADIGMS TO STUDY STRESS-RELATED PSYCHIATRIC 
DISORDERS
Behavioral tests of anxiety- and depression-like symptoms
The forced swim test (FST) is a classic behavioral test of depression-like sympto-
matology in which animals are placed into a cylinder filled with water and forced to 
swim during a period lasting a few minutes. Initially animals attempt to escape and 
swim, but afterwards they stop fighting and become passive. Immobility (passive 
floating with minor movements necessary to keep the head above water) is interpreted 
as a failure to persist in escape-directed behavior, hopelessness, negative mood and 
depressive-like behavior. The FST is frequently used to evaluate resilience since SD 
increases immobility in this test in susceptible but not in resilient animals[60,86,87,88]. 
Similar to the FST, the tail suspension test (TST) measures immobility, which is 
considered to represent despair and depressive-like behavior[89]. Rodents are hung in 
an uncontrollable fashion by their tail for a few minutes[90] and, after initial escape-
oriented movements, develop an immobile posture. The effects of SD exposure in the 
TST are unclear, and it has been suggested that this paradigm models the stress-coping 
strategy from which depressive-like behavior is inferred[91]. An increase in immobi-
lity is observed in animals reared in a limited bedding and nesting environment, 
which induces erratic maternal care and social stress[92]. Similarly, exposure to 
chronic mild stress (CMS) has been shown to increase immobility in anhedonia-
susceptible animals[87]. However, our group has recently observed a reduction of 
immobility after IRSD exposure, which could be interpreted as an enhanced reactivity 
of defeated mice to the situation of moderate inescapable stress that the TST represents
[93].

Anhedonia– or depressive-like symptoms are also frequently evaluated by 
measuring sucrose consumption. During training, after some hours of food and water 
deprivation, a bottle containing a sucrose solution is made available in the home cage. 
Sucrose intake is measured at different intervals during stress exposure and is reduced 
in vulnerable but not resilient stressed animals[70,71,88,94,95]. The splash test consists 
of spraying a 10% sucrose solution on the dorsal coat of a rodent to stimulate 
grooming behavior. An increase in the latency of grooming and a decrease in the time 
and/or frequency of grooming is interpreted as depressive-like behavior[96]. This test 
has also been used to evaluate resilience to the consequences of SD stress[60,93].

In the social interaction test, animals are placed within an open field in two trials 
(2.5-10 min), in the absence (no target) and presence (target) of a conspecific animal 
contained in a perforated Plexiglas cage, in order to allow for social interaction while 
preventing confrontation. Social avoidance is considered to take place when the 
experimental animal spends less time in the area immediately surrounding the 
enclosure containing the opponent (interaction zone) and more time in the corners of 
the open field. Social avoidance is associated with depressive-like behaviors and is 
frequently observed after SD exposure in susceptible but not in resilient animals[70,71,
93,97,98].

The novelty suppressed feeding test is based on the innate fear of rodents of novelty 
and the inhibition of feeding behavior when exposed to a novel environment. 
Animals’ access to food is restricted for 12-24 h. Animals are placed in a corner of a 
box containing a pellet of food and the latency to begin eating is recorded. Immedi-
ately after this, animals are placed in its home cage and the amount of food consumed 
in 5 min is measured. This test detects behaviors related to depression and anxiety, 
because a conflict appears between the anxiogenic environment and hunger-induced 
behavior[60,99].

The elevated plus maze (EPM) is one of the most used paradigms to measure 
anxiety in rodents. This test is based on the natural aversion of rodents to open 
elevated areas and the exploratory behavior that they exhibit in novel environments. 
The apparatus, elevated about 50 cm above floor level, consists of two open arms and 
two enclosed arms, and the junction of the four arms forms a central platform. Subjects 
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are placed on the central platform and allowed to explore the maze for 5 min. The total 
time spent in and the number of entries into the open (and closed) arms, and the 
percentage of time and entries into the open arms are measured. Anxiety levels are 
considered to be lower when the measurements in the open arms are higher and those 
in the closed arms are lower, and vice versa[100,101]. Mice exposed to chronic SD 
exhibit higher anxiety levels in this paradigm[93,97,102]. The EPM is also frequently 
used in studies of resilience to the effects of social stress on anxiety[60,92,102]. In a 
recent study in our laboratory, we observed that mice that were resilient to the effects 
of stress on cocaine reward spent less time in the open arms[93].

In the open field/exploration test, the animal is placed into an open-field arena for 
several min and its locomotor activity is evaluated by measuring distance travelled 
and velocity. A reduction of these measures is indicative of anxiety[103]. Sometimes 
the open field is divided into a center and a surrounding area, with thigmotaxis being 
indicative of anxiety. Maternal separation decreases the time that mice remain in the 
center of the open field[104]. SD induces deficits in exploration that are not observed in 
resilient animals[60,70,71,102].

The hole-board test is used to evaluate anxiety-related and novelty-seeking behavior 
of rodents. This test is carried out in a square box with equidistant holes in the floor. 
The animal is placed in a corner of the box and is allowed to freely explore the 
apparatus for a few minutes. Head-dipping represents exploratory tendencies that are 
distinct from general locomotor activity; thus, the latency to perform the first head-dip 
and the frequency of dips is recorded. Stress exposure elevates anxiety-related 
behavior in the hole-board test in rats and mice[105,106]. In our laboratory, we have 
observed that mice with low novelty-seeking are resilient to the effects of SD on 
cocaine reward[93].

Behavioral tests to evaluate cognitive impairment
The novel object recognition test evaluates episodic memory in rodents[107] and has 
been used to measure cognitive dysfunction according to deficits in object-context 
identification[108]. The task is performed in an open field box and consists of three 
phases: habituation (free exploration of the empty box), training (exploration of the 
box, which contains two small river stones) and test (one of the stones is replaced with 
a small plastic toy). In the training and test sessions, separated for a memory retention 
interval (1 min), the exploration of the objects is measured for 3 min. It is assumed that 
if the animal recognizes the stone, it has spent more time exploring the new object. 
Exposure to different paradigms of stress induces cognitive deficits in recognition 
memory[94,104,105,109]. Acute[110] and chronic[97] SD impairs performance of the 
object recognition task. This task has also been used to study resilience to the 
impairing effects of social stress on cognition[88,94,97,111,112].

The Morris water maze task measures spatial memory that is dependent on the 
hippocampus[113]. The apparatus consists of a circular swimming pool, divided into 4 
equal quadrants (NW, NE, SE and SW), with an escape platform placed 1 cm below 
the water surface. Several visual cues surrounding the maze are placed on the walls. 
During the training phase the animal is placed in the water inside one of the quadrants 
and allowed to swim freely until it locates and climbs onto the platform. If the animal 
fails to locate the platform, it is guided to the platform by the experimenter and 
allowed to stand on it for several seconds. The training is performed over 4-5 
consecutive days (3 trials per day), measuring the escape latency (the time taken to 
locate the platform in each trial). The test is performed 24 h after the last training 
session (the platform is removed and the time spent in each quadrant is measured). If 
the animal recalls the placement of the hidden platform it will spend more time in that 
quadrant. Unpredicted CMS impairs performance of the water maze[114], but chronic 
SD stress does not affect this task[102]. The water maze has also been used to study 
resilience to the effects of stress on cognitive processes[114,115]. An interesting study
[115] showed that rats that emitted ultrasonic vocalizations during intermittent swim 
stress later showed resilience in the Morris water maze and an instrumental swim 
escape test.

The Y-maze is a spatial task that requires intact hippocampal function[116]. The Y-
maze apparatus has three identical and symmetrical arms that radiate out from the 
center. Explicit cues are presented outside the maze (located on the walls around the 
room). In the first trial, the animal is placed in one arm, designated as the “start” arm, 
while another arm is blocked so that the animal can only explore the start and the 
other arm. After 4 h, in the second trial, animals are placed in the start arm and can 
freely explore all three arms. The number of entries and the time spent in each arm is 
measured. If the animal recalls the arms previously explored in trial 1, it will spend 
more time in the “novel” arm in trial 2 (discrimination performance). CMS induces 
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deficits in the performance of the Y-maze among vulnerable anhedonic-rats[88]. Acute
[110] but not chronic[117] SD stress also impairs performance in the Y-maze. However, 
the combination of chronic SD with a slight peripheral infection (produced by injection 
of a sub-threshold of LPS) impairs the performance of susceptible mice in the Y-maze
[111].

The radial arm maze is a model of hippocampus-dependent memory. Animals are 
food-restricted (approximately 85.0% of their previous body weight) and pre-trained 
to associate the maze with a food reward placed at the end of all 8 arms. Subsequently, 
the animals are trained for several consecutive days. In each trial the animal is placed 
in the central chamber of the maze for habituation and can then freely explore the 
arms until it consumes all food reward or until a maximum time. The measurement of 
memory is the number of errors committed, defined as entries in a previously visited 
arm[118,119]. Chronic stress induced by visual and olfactory exposure to a predator 
(Long Evan rat) without direct physical contact impairs performance in the radial 
maze[118]. Similarly, maternal separation induces an overall impairment in the 
performance of the radial maze in adulthood; however, this impairment is observed in 
susceptible, but not in resilient mice[119]. On the other hand, adult rats exposed to 
maternal deprivation perform better in the radial maze, an effect probably related with 
the phenomenon of inoculation of stress[120].

The radial arm water maze also evaluates spatial ability in rodents[121,122,123]. In 
this case, the radial arm maze is filled with cloudy water to conceal a platform placed 
in one of the eight arms, and there are prominent extra-maze cues on the walls of the 
room. The animals perform several trials in three days, which consists of placing the 
animal into an arm (the start arm, which does not contain the platform). When the 
animal reaches the hidden platform it remains on it for several seconds to visualize the 
room spatially. If the animal fails to find the hidden platform, it is guided there by the 
experimenter. The number of entrances is measured in each trial. Two types of errors 
are considered in each trial; reference memory errors (number of first-time entries into 
arms that did not contain the platform) and working memory errors (number of repeat 
entries into an arm that did not contain the platform). Chronic restraint stress impairs 
radial arm water maze performance[122,123], but this effect recedes with time[124] 
and is prevented by environmental enrichment[85].

It is important to note that chronic stressors do not affect the performance of females 
in most of these tests (spatial object recognition, radial arm maze, Morris water maze, 
Y-maze), while males show stress-induced impairments in all of them[125]. These sex-
dependent differences include the use of different strategies by the sexes to solve 
cognitive tasks and may be related to estradiol levels[87].

Animal models of addiction-like symptoms
The animal models of drug reward and addiction-like symptoms are essential to 
progress in understanding the biological basis of SUD and for the identification of new 
therapeutic targets. Drug addiction is a neuropsychiatric disorder characterized by 
loss of control over drug-seeking and drug-taking, the presence of a negative 
emotional state and an intense craving for the drug when it is not available, and a high 
propensity to relapse even after long-term periods of abstinence[126]. Drug addiction 
represents a profound disruption of different neural circuits, including a deficit of the 
brain reward system, an over-activation of the stress systems, aberrant associative 
learning (which confers exaggerated incentive salience to stimuli or contexts 
associated with the drug), and a dysfunction of the PFC, resulting in the inability to 
inhibit drug-taking behavior. The transition from an initial recreational and controlled 
drug use to compulsive consumption is also related with a change from the ventral to 
the dorsal striatum in the control of drug use behavior, with the consequent 
development of rigid stimulus-response habits[127,128].

Drug addiction has a multifactorial nature, since environmental and biological 
factors interact to confer vulnerability or resilience to the development of this disorder. 
The complexity of addictive behavior cannot be captured by an animal model, but they 
are useful in modelling some specific aspects of drug addiction. The two main models 
to study vulnerability or resilience to drug addiction are the self-administration (SA) 
paradigm, which is based on the primary hedonic effects produced by the consump-
tion of a drug of abuse, and the conditioned place preference (CPP) paradigm, which 
focuses on the component of reward related to associative or incentive learning.

The intravenous SA paradigm is the most important procedure for assessing the 
primary intrinsic reinforcing effect of drugs, and is the most commonly used in 
rodents[129,130]. In this paradigm animals are trained in daily sessions to obtain the 
drug by performing an operant response; for example, by pressing a lever or 
performing a nose-poke. This response is reinforced by injection of the drug, usually 
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according to a fixed response (FR) program in which the animal must perform a fixed 
number of responses in order to obtain the dose of the drug. Variable or progressive 
response programs are also used to measure motivation of the animal for the drug. 
The oral SA paradigm, frequently used for alcohol, is similar regardless of the way in 
which the substance is ingested by the animal. Pharmacological and methodological 
factors may influence the results obtained with the SA paradigm, such as the drug, 
dose and rate of infusion, duration of the SA session, the requirements of response, the 
sex and age of the animal, etc. 

The SA paradigm is also used to study extinction and reinstatement of drug-seeking 
behavior. During the extinction phase, the drug of abuse is not presented after 
responding, and as a consequence, a progressive decrease in the operant response 
takes place[131-133]. When extinction has been completed, reinstatement of the 
operant response by several stimuli is observed. Reinstatement of drug SA is a model 
of relapse to drug consumption after a period of abstinence. As in humans, adminis-
tration of the drug of abuse (priming), re-exposure to drug-associated stimuli, or 
exposure to stress reinstates the initially learned operant response[134]. Indeed, some 
researchers have adapted the SA paradigm in order to model the main features of 
addiction in humans based on the DSM-5 criteria: loss of control or persistence in drug 
seeking (active responses during periods in which the reinforcer is not available), high 
motivation for the drug (using a progressive reinforcement schedule), and mainte-
nance of consumption despite its negative outcomes (association between 
reinforcement and a foot shock)[135]. The SA model has excellent predictive and face 
validity; however, it also has some drawbacks related with the complexity of the 
technique (surgical implantation of an intravenous catheter or previous familiarization 
with the drug for intravenous or oral SA, respectively) and the training of the animals 
until they effectively acquire operant response.

Using the SA paradigm, it has been demonstrated that exposure to social stress 
increases the reinforcing effects of drugs of abuse[136-139]. Recently, resilience to these 
effects has also been studied using different types of social stress and drugs of abuse, 
such as cocaine[140-143], methamphetamine[144] and alcohol[145-147].

The CPP is a paradigm that evaluates the conditioned rewarding effects of a drug of 
abuse, since some contextual stimuli acquire appetitive properties when associated 
with the drug[148-151]. This paradigm is characterized by its methodological 
simplicity and is thus frequently used. Animals are conditioned in a box with two or 
three compartments that are clearly distinct in terms of the stimuli present in each 
compartment; for example, they have different colored walls and floor textures. Before 
conditioning, a pre-conditioning phase takes place to evaluate the time spent by the 
animal in each compartment without any treatment. During conditioning the animal 
receives the drug (usually 4 injections in 4 or 8 days) in a specific compartment 
(without access to the other compartment) and physiological saline in the opposite 
compartment. Later, in the post-conditioning phase (equal to pre-conditioning) it is 
evaluated whether the animal has learned to associate the rewarding effects of the 
drug with the environmental cues present in the drug-paired compartment. If the 
animal spends more time in this compartment (in comparison to the time spent in pre-
conditioning or to the time spent in the saline-paired compartment), it is considered 
that the animal has acquired CPP. All drugs abused by humans induce CPP in rodents
[150].

As described for the SA paradigm, the CPP procedure can also be used to evaluate 
other processes besides acquisition, such as extinction and reinstatement of motivated 
behavior[148]. To induce extinction, animals are placed in the CPP box and perform 
daily or weekly sessions similarly to pre- and post-conditioning (i.e., they are exposed 
to the previously drug-paired compartment without administration of the drug). 
Progressively, the association between the reinforcing value and environmental cues 
weakens, and the CPP is finally extinguished. The period needed for extinction of CPP 
is influenced by different factors, including exposure to stressful events. For example, 
exposure to SD before each acquisition session[152], or 3-weeks before the initiation of 
the CPP procedure[78], slows the extinction of MDMA-induced CPP. After extinction, 
an injection of the drug of abuse (priming) or exposure to stress induces the 
reinstatement of CPP. In this paradigm, reinstatement refers to the recovery of the 
conditioned response and involves renewed memory of the association - learned 
during conditioning - between the reinforcing effect of the drug and the environmental 
cues associated with its pleasant effects. In our laboratory we have observed that SD 
exposure induces reinstatement of the CPP induced by cocaine[153,154].

The CPP has been widely used to evaluate the influence of social stress on the 
conditioned rewarding effects of different drugs of abuse, including alcohol, cocaine 
and MDMA[15]. In our laboratory, the animals are exposed to SD three weeks before 
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initiation of the CPP procedure. We have seen that exposure to SD induces a long-term 
increase in the rewarding effects of cocaine, since defeated mice acquire CPP with 
doses that are ineffective in inducing place conditioning in control mice[77]. 
Furthermore, we have observed how SD induces a long-term enhancement in the 
vulnerability of mice to priming-induced reinstatement of the CPP induced by cocaine
[155] and MDMA[78]. In addition, the CPP model has been used to study resilience to 
the effects of social stress on the rewarding effects of methamphetamine[156], MDMA
[157] and cocaine[93,143,158,159,160-163].

Finally, the effects of social stress on alcohol intake and resilience to these effects 
have been studied in the two-bottle choice test, a paradigm of voluntary consumption, 
in which animals can choose freely, during a limited time, to drink from one of the two 
bottles placed in the home cage: one containing water and the other containing alcohol
[92,164].

ADVANCES CONCERNING THE NEUROBIOLOGICAL SUBSTRATES OF 
RESILIENCE
The study of the neurobiology of resilience is a relatively young area of scientic 
investigation[24,35]. Research carried out with animal models in the last decade has 
identied several behavioral, hormonal, neural and molecular mechanisms underlying 
the development and enhancement of resilience, mainly in relation with the reduced 
susceptibility to develop psychiatric disorders, such as depression or PTSD, after stress 
or trauma (Figure 2). As Russo et al[5] noted, resilience is mediated not only by the 
absence of neurobiological abnormalities that occur in susceptible animals after stress 
exposure (passive resilience), but also by the presence of neuroadaptations which 
occur in individuals that are resilient to stress, which help them to maintain normal 
functioning (active resilience). In this section we review the main results obtained in 
studies using electrophysiological, optogenetic, pharmacological, and molecular 
profiling techniques to unravel the neurobiological substrates of resilience to the 
negative consequences of chronic SD stress, mainly social avoidance and anhedonia. 
Advances in this field may guide ongoing research regarding the neurobiological 
substrates of resilience to the effects of SD on addiction disorders.

Glutamatergic system
The glutamatergic system seems to play an important role in resilience to stress[165]. 
Chronic stress reduces the dendritic spine density of glutamatergic neurons in the PFC 
and hippocampus, while it increases it in the amygdala and NAcc[166]. In the chronic 
predator and SD stress paradigms, resilient mice show greater expression of 
immediate early genes (c–Fos, FosB, or ΔFosB) in glutamatergic neurons of the medial 
PFC[106,167,168] and in medium spiny neurons (MSN) of the NAcc, inducing 
expression of the AMPA glutamate receptor subunit GluA2[169]. Optogenetic 
stimulation of either medial PFC or amygdala glutamate afferents to the NAcc induces 
resilience[168,170], while attenuation of glutamatergic transmission from the ventral 
hippocampus to the NAcc is pro-resilient, and reduced activity in the ventral 
hippocampus is observed in mice that are resilient to the effects of chronic SD[170]. 
Furthermore, several environmental manipulations that promote resilience to 
stress–induced depression– and anxiety–like behaviors, such as early intermittent 
maternal separation and environmental enrichment, increase the volume of ventro-
medial PFC[171], the dendritic spine density of hippocampal and PFC neurons[172], 
and expression of FosB and ΔFosB in medial PFC[167]. All these results suggest that 
increased neuronal activation of mPFC represent pro–resilience adaptation[5].

NMDA receptors have been implicated in stress resilience[165]. Mice susceptible to 
chronic SD stress exhibit low activity of hippocampal extrasynaptic NMDA receptors, 
and enhancement in the function of these receptors prevents social avoidance behavior 
in defeated mice[173]. The NMDA antagonist ketamine protects against the long-term 
consequences of different types of stress in animal models[165,174]. For example, 
administration of ketamine protects mice against SD-induced depressive sympto-
matology in the FST and against learned helplessness-induced coping deficits when 
dealing with inescapable shocks, although it did not protect against the anxiety-like 
phenotype in the EPM[60]. Reducing brain D-serine, an endogenous co-agonist at the 
glycine site of the NMDA receptors, may also improve stress resilience[175], and 
NMDA receptor blockade in the right medial PFC facilitates resilience to SDS-induced 
anxiety in mice[176]. Furthermore, we have observed that the NMDA antagonist 
memantine increases resilience to the effects of IRSD on the CPP induced by cocaine in 
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Figure 2 Simplified diagram of the neurobiological substrates of resilience to the effects of social defeat in rodents. Resilience is induced by 
activation of the pathways indicated with gross lines and by inhibition or normalization of the pathways represented with dashed lines. LC: Locus coeruleus; VTA: 
Ventral tegmental area; PFC: Prefrontal cortex; NAcc: Nucleus accumbens; vHipp: Ventral hippocampus; Amyg: Amygdala.

mice[77].
Some subunits of AMPA receptors might be involved in resilience. For instance, 

mice resilient to developing social avoidance after chronic SD show increased GluR2 
mRNA expression compared to control mice, while susceptible mice display a 
decrease in GluR2 levels in the NAcc[169]. In addition, AMPA agonists prevent 
increases in corticosterone and latency to feed in the novelty-suppressed feeding 
induced by chronic stress[177].

The role of metabotropic glutamate receptors in stress resilience remains uncertain
[165]. After 3 days exposure to learned helplessness or SD, mGluR5 KO mice exhibit 
enhanced susceptibility to stress-induced depression, social avoidance, and anhedonia. 
In addition, susceptible mice exhibit less mGluR5 in the NAcc than both resilient and 
control mice[178]. Finally, blockade of mGlu2/3 and deletion of mGlu2, but not 
mGlu3, promotes stress resilience, including protection against stress-induced 
depressive-like symptoms[179].

GABAergic system
There are a limited number of studies on the role of GABA in resilience to the effects of 
chronic SD, and the effects observed to date have been in the function of the brain area 
containing GABA neurons and the subtype of receptor studied.

Chronic SD defeat activates GABA neurons of the dorsal raphe nucleus (DRN) and 
strengthens inhibition of 5-HT neurons in susceptible mice, but this effect is not 
observed in resilient mice without a social interaction deficit; accordingly, optogenetic 
inhibition of DRN GABA neurons was shown to disinhibit 5-HT neurons and promote 
resilience[180]. Conversely, SD stress impairs the inhibitory tone in the NAcc. Stress-
susceptible mice exhibit reduced levels of inhibitory synaptic markers and protein 
expression (vesicular GABA transporters (vGAT) and gephyrin) in the NAcc that are 
not observed in resilient mice[181]. GABA (B) receptors in the habenular nuclei are 
also down-regulated in susceptible mice, which display elevated c-Fos expression in 
this structure; furthermore, intra-habenular injection of baclofen and CGP36216 
(GABA (B) agonist and antagonist, respectively) reverses social avoidance[182]. 
Studies with KO mice have also indicated the role of GABA in resilience to the effects 
of SD. GAT-1-deficient mice demonstrate an increase in resilience to the effects of 
acute stress on depressive- and anxiety-like symptoms[183,184]. Moreover, 
GABA(B1a) KO mice are more susceptible, whereas GABA(B1b) KO mice are more 
resilient to both stress-induced anhedonia and psychosocial stress-induced social 
avoidance[185].

Dopaminergic system
Adaptations within the brain reward system, and in particular in the mesolimbic DA 
circuit, are closely associated with resilience to the effects of chronic SD stress. The 
firing rate of ventral tegmental area (VTA) DA neurons has been shown to be 
increased in susceptible animals exposed to chronic SD; conversely, resilient mice 
show an increase in K + channels that normalizes hyperexcitability of VTA DA 
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neurons and prevents social avoidance and sucrose preference deficit[70,186,187]. A 
further increase in the hyperactivity of VTA DA neurons in susceptible mice produced 
by optogenetics or pharmacological treatments induces homeostatic plasticity and 
reverses depression-related behaviors[187,188]. Such studies bring to light the self-
stabilizing capacity of midbrain DA neurons of the brain reward system[187]. A recent 
study has demonstrated that a baseline level of physical activity (voluntary wheel 
running), mediated by the tyrosine hydroxylase (TH) neurons in the VTA, affects 
susceptibility and resilience to chronic SD. Mice with low levels of physical activity 
showed lower TH expression in the VTA and were susceptible to SD, while mice with 
high levels of activity showed higher TH expression and were resilient to SD; 
activation of TH neurons in the VTA of mice with lower levels of activity increased 
resilience, while inhibition of these neurons increased susceptibility to SD[189].

Different MSN subtypes of the NAcc (D1-MSN and D2-MSN, with predominant 
expression of DA D1 and D2 receptors, respectively) are also involved in susceptibility 
and resilience to chronic SD stress. Susceptible mice that develop depression-like 
behaviors after SD showed decreased frequency of excitatory synaptic input in D1-
MSN (but an increase in D2-MSN); in addition, enhancing the activity[190] or the spine 
density[191] of D1-MSN has been shown to induce resilience. Fosb-targeted histone 
methylation in D1-MSN or histone acetylation in D2-MSN promote a susceptible, 
depressive-like phenotype, while histone acetylation in D1-MSN or histone 
methylation in D2-MSN increase resilience[192]. Resilient animals also display an 
upregulation of synaptic strength at dendritic spines of D1-MSN and a concomitant 
downregulation in D2-MSN[193]. In addition, chronic SD selectively reduces NLGN-2, 
a neuronal postsynaptic cell adhesion protein, in DA D1-MSN of susceptible mice
[181]. D1-MSN activity prior to stress is also a predictor of resilience, as mice that will 
later become resilient display increased baseline D1-MSN activity[194].

Single and repeated SD stress induces D1 receptor-mediated changes in medial PFC 
neurons. A single SD was shown to increase arborization and the spines of apical 
dendrites of pyramidal neurons in the medial PFC, whereas repeated SD reduced 
dendritic lengths of these neurons[195]. Optogenetic inhibition of the DA VTA 
neurons projecting to the medial PFC promotes susceptibility[188]. DA D1 receptors in 
medial PFC excitatory neurons plays a role in suppressing susceptibility to stress, since 
repeated SD reduces the expression of these receptors in susceptible mice, while its 
genetic deletion facilitates the induction of social avoidance[195].

DA transmission in other brain areas is also involved in susceptibility or resilience 
to stress, although results are contradictory. Vulnerable mice were reported to display 
increased expression of DA D2 receptors in the amygdala[102,196] and increased 
levels of DA in the hippocampus and PFC[197]. However, another study found that 
hippocampal dopaminergic activity was inversely correlated with the level of social 
avoidance induced by SD and chronic treatment with hop bitter acids enhanced stress 
resilience[198]. Similarly, treatment with caffeine (from 14 days before until the end of 
SD) reverses social avoidance and anhedonia, and this pro-resilience effect of caffeine 
is reversed by the antagonism of DA D1 (but not D2) receptors[199].

Noradrenergic system
Noradrenergic (NA) neurons in the LC have direct connections within the VTA and 
regulate vulnerability to SD through inhibitory control of VTA DA neurons[200]. NA 
LC neurons projecting to the VTA exhibit enhanced firing activity in resilient, but not 
susceptible, mice, and optogenetic activation of LC neurons in susceptible mice 
reverses depression-related behaviors[201]. α1- and β3-adrenergic receptors are highly 
expressed in VTA neurons projecting to the NAcc, and the antagonism of these 
receptors blocks the effects of the optogenetic and pharmacologic activation of LC 
neurons; i.e., it reverses hyperactivity and homeostatic plasticity in the VTA-NAcc 
pathway in susceptible mice[201].

Serotonergic system
Plasticity of the serotonergic system also contributes to susceptibility or resilience to 
the effects of SD stress, although the role of serotonin depends on the brain area under 
consideration. As commented on before, inhibition of GABA neurons of DRN 
disinhibits 5-HT neurons and promotes resilience to social avoidance induced by SD in 
mice[180]. In fact, the mechanism underlying SD-induced social avoidance is a 
hyposerotonergic state in the DRN, which results from the activation of p38α mitogen-
activated protein kinase (MAPK), the consequent translocation of the SERT to the 
membrane, and the increase in the rate of serotonin uptake[202]. Down-regulation of 
the 5-HT1A auto-receptors in 5-HT neurons of DRN (which can result in increased 
5HT release), improves behavioral resilience to SD[203]. On the other hand, rats 
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susceptible to stress-induced anhedonia, but not resilient rats, display an increased 
number of neurons expressing tryptophan-hydroxylase-2 (TPH2, the enzyme for 
serotonin synthesis) in the ventral subnucleus of the DRN (DRNv), while activation of 
the CRF containing neurons of the amygdala induce resilience, suppressing the 
increase of TPH2 positive neurons in the DRNv and ameliorating anhedonia in 
susceptible rats[204]. Mice resilient to the effects of chronic SD also display a reduction 
of serotonin in the hippocampus[197].

Cholinergic system
ACh signaling in the hippocampus may be related with differential responses to SD 
stress. Interference with hippocampal AChE activity increases anxiety- and depre-
ssion-like behaviors and decreases resilience to repeated SD stress[205]. In addition, 
nicotinic cholinergic (nACh) signaling in the basolateral amygdala seems to play a role 
in the effects of SD, since β2 nAChR subunit knockdown undermines resilience to SD 
stress and c-fos immunoreactivity in this structure[206].

Endogenous opioids
Chronic SD stress increases μ and κ opioid receptors and reduces δ opioid receptors in 
the PFC of susceptible mice (with social avoidance), while resilient mice show no 
alteration in the levels of opioid receptors and increased p38 MAPK phosphorylation
[207]. Besides the increased mRNA expression of the opioid μ and κ receptors in the 
frontal cortex, susceptible mice also show a reduction in the expression of μ receptors 
in the hippocampus and a reduction of κ receptors in the basolateral amygdala[208,
209]. Conversely, mRNA of dynorphin is increased in the shell of NAcc in susceptible 
rats and in the striatum of resilient animals[208].

Chronic SD also decreases mRNA levels of δ opioid receptors and enkephalins in 
the basolateral amygdala and in the ventral hippocampus (CA1) of vulnerable mice
[209]. Administration of an agonist of δ receptors increases resilience and reduces 
oxidative stress markers in CA1 neurons, a mechanism that may be involved in the 
pro-resilient effect of enkephalin signaling[210]. Similarly, susceptible animals display 
reduced enkephalin levels in the NAcc and enkephalinase inhibitors, while intra-NAcc 
infusion of a δ receptor agonist induces resilience and increases phosphorylation of 
extracellular signal-regulated kinase (ERK), which is downregulated by SD stress[211].

μ-opioid receptor G-allele carriers express less submissive behavior and exhibit 
resilience to SD, demonstrated by a lack of subsequent social avoidance and reductions 
in anhedonia; moreover, the resilience in question was associated with a greater 
induction of c-fos in the NAcc and periaqueductal gray[212].

Neuropeptide Y
Neuropeptide Y (NPY) is a neuropeptide that is widely distributed in the brain and 
promotes protective responses in the face of stress[213,214] by inducing anxiolytic 
effects and counteracting the anxiogenic effects of CRF. Multiple studies indicate a 
positive correlation between NPY levels and resilience to the deleterious effects of 
stress in humans and animal models. A signicant down-regulation of NPY in the 
amygdala and hippocampus has been observed in animals with PTSD-like symptoms, 
and administration of NPY reversed the negative behavioral effects of predator-scent 
stress[63]. Mice susceptible to the effects of chronic SD also show a down-regulation of 
NPY and NPY2R in the hippocampus[215]. Administration of NPY significantly 
reduces submissive/defensive behaviors in socially defeated hamsters, although this 
effect is not mediated by the Y1 receptor[216]. Such results demonstrate that NPY may 
function as an important factor in resilience against the impairing effects of SD, and a 
recent study has suggested that deficiency of NPY plays a role in the impairing effects 
of stress on hippocampal function and the processes mediated by this structure[217].

Orexins
Orexins (OX) produced in the lateral hypothalamus also play an important role in the 
response to stress[218,219]. Chronic SD stress-susceptible and -resilient mice (with or 
without deficits in social interaction) display different levels of prepro-OX in the 
hypothalamus[220] and basolateral amygdala, with increased OX1 and decreased OX2 
observed in susceptible mice[221]. Brain infusion of OX A was found to induce an 
antidepressant-like effect only in susceptible mice, while co-infusion of OX A and B 
induced an anxiogenic effect only in resilient mice[220]. In addition, knocking down 
the OX2 receptors in the basolateral amygdala increases social avoidance and reduces 
the time spent in the center of an open field[221]. Similarly, after SD stress, resilient 
(actively coping) rats express lower prepro-OX mRNA levels than passively coping 
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rats, while inhibition of OX before each SD episode increases social interaction and 
decreases depressive-like behavior in vulnerable rats[222]. These results suggest that 
lower levels of OX contribute to resilience to repeated SD, although in this context it is 
important to consider the different types of OX receptors. A recent study indicated 
that OX1 and OX2 receptors exert opposite functions and that the agonism of OX2 
receptors promotes resilience to the anxiety and depression induced by exposure to SD 
stress in mice[223,224].

Neurotrophic factors
Neurotrophic factors and their signaling pathways, such as BDNF or ERK1/2, have 
been implicated in the neuroadaptations that take place in response to stress.

ERK is reduced after SD stress in both susceptible and resilient mice[207]. SD also 
decreases phosphorylation of ERK[211] and the pERK/ERK ratio[225]. Overexpression 
of ERK2 in the VTA increases susceptibility to SD stress in mice, while blockade of 
VTA ERK2 activity promotes behavioral resilience and decreases the frequency of 
firing of the VTA DA neurons, an important electrophysiological hallmark of resilience
[226]. Phosphorylation of ERK is enhanced by treatments that induce resilience, such 
as the intra-NAcc infusion of a delta opioid receptor agonist or enkephalinase 
inhibitors[211].

BDNF is expressed in the amygdala, hippocampus, PFC and basal forebrain, and 
acts through its two main receptors, TrkB and p75[227]. BDNF has antidepressant-like 
effects and enhances hippocampal neurogenesis[228,229], which suggests an 
important role of this factor in the potentiation of resilience. Chronic SD stress 
decreases BDNF/TrkB in the PFC, the dentate gyrus (DG), and the CA3 region of the 
hippocampus, but increases BDNF/TrkB in the NAcc[175,225]. A differential 
expression of BDNF has been observed in susceptible and resilient mice in function of 
the brain area studied. Susceptible mice have higher levels of BDNF mRNA in the 
VTA than resilient and control mice, suggesting that this increase is associated with 
depressive-like behavior induced by SD[230]. An increase of BDNF-4 has been 
observed in the PFC of susceptible mice exposed to chronic SD, but the same animals 
also showed a selective reduction of BDNF-6 transcript in the hippocampus[231]. 
Conversely, in another study with mice exposed to chronic SD stress, levels of BDNF 
in the medial PFC and hippocampus were lower in susceptible mice than in control 
and resilient animals[232]. Finally, several studies support the contribution of 
hippocampal BDNF expression to resilience to chronic stress[233]. In rodents exposed 
to SD, activation of hippocampal BDNF/TRKB signaling (by means of branched-chain 
amino acids, exercise and high protein diets) induces resilience to social avoidance
[234,235,236]. In addition, enhancement of BDNF and TRKB levels and signaling has 
been implicated in the nicotine-induced resilience to the social deficit induced by SD
[237].

Hormones of the HPA axis
Stress activates the HPA axis and the release of stress hormones that regulate the 
individual response to stress. SD stress induces hypercortisolemia and adrenal 
hypertrophy in susceptible mice, but not in resilient rodents[48,238]. In addition, 
susceptible mice exhibit reduced glucocorticoid (GR) receptor expression in the 
hippocampus in comparison to resilient mice, suggesting that up-regulation of GR and 
enhancement of GR nuclear translocation in the hippocampus play an important role 
in resilience to chronic SD stress[238]. Susceptible mice show higher plasma corticos-
terone concentrations 2 h and 48 h after single and chronic SD stress, respectively; and 
administration of corticosterone via drinking water enhances susceptibility while a GR 
antagonist alleviates the negative consequences of chronic stress[239]. A single dose of 
ketamine that improved depressive-like behaviors was shown to decrease plasma 
corticosterone levels and rescue GR expression and nuclear translocation in the 
hippocampus of susceptible mice[239].

Resilient rats (with proactive behavior in resisting defeat) show decreased efficacy 
of CRF[82]. Similarly, mice in which CRF is deleted from GABAergic forebrain 
neurons were found to display a resilient phenotype[240], and PFC mRNA expression 
of CRF was stronger in susceptible mice than in resilient counterparts[48]. However, 
another study showed that increasing CRF neuronal activity in a subtype of 
GABAergic inhibitory interneurons in the medial PFC promoted lasting resilience to 
SD stress[241,226].

Epigenetic factors
A wide variety of genetic factors - polymorphisms of genes of NPY, CRFR1, catecho-
lamines (COMT, DAT, DAR1, DAR4), serotonin (SERT, 5-HTR1A, 5-HTR3A, 5-
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HTR2C), BDNF, among others - have been implicated in resilience (for a review see[4,
242]). Like all aspects of psychological function, resilience results from the interaction 
between genes and environment. Epigenetic factors are functional modications to the 
genome (such as DNA methylation and demethylation, and histone methylation, 
acetylation, and phosphorylation) that regulate gene expression and phenotype 
without changing the DNA sequence. Different epigenetic mechanisms have been 
linked to resilience[243]. For instance, changes in gene expression and chromatin 
modifications in specific brain regions are associated with resilience to chronic SD 
stress[70,231,244,245]. In particular, histone methyltransferases are up-regulated in the 
NAcc of resilient mice, which exhibit low depression-like symptoms after chronic SD
[246], while susceptible mice show reduced g9a mRNA levels in the hippocampus, and 
a reduction of HDAC-5 and DNMT3a mRNA levels in the PFC[231].

HDAC inhibitors may also regulate stress-related behaviors independently of their 
action on histones, through prevention of glucocorticoid signaling in serotonin 
pathways. Deletion of HDAC6 in serotonin neurons prevents the electrophysiological 
and morphological changes induced by chronic SD in these neurons and blocks the 
expression of social avoidance[247]. In one study, lower acetylated Hsp90 levels, 
higher GR-Hsp90 association, and enhanced GR translocation were observed in the 
DRN of vulnerable mice after chronic SD stress, and a HDAC6-selective inhibitor or 
the serotonin-selective viral overexpression of the acetylation-mimic mutant of Hsp90 
in DRN neurons promoted resilience to chronic SD stress[248].

Immune system
Inflammation may underlie individual differences in vulnerability and resilience to 
chronic SD stress[249,250].

Exposure to SD increases inflammatory markers, but the enhancement of proinflam-
matory proteins is more pronounced in susceptible rats (with passive coping during 
defeats and anhedonia) than in active coping rats[236]. In addition, only susceptible 
rats exhibit elevated levels of inflammatory proteins (IL-1β, TNF-α, GM-CSF) in the LC
[251], and higher systemic levels of interleukin-6 (IL-6)[252]. Rats with short-defeat 
latencies (vulnerable rats) exhibit increased anxiety- and depression-like behaviors, 
and inflammation in the ventral hippocampus[253]. On the other hand, selective KO of 
the miR-106b~25 cluster in peripheral leukocytes promotes behavioral resilience to 
chronic SD stress[254]. Preexisting individual differences in the sensitivity of the 
peripheral immune system (IL-6) may predict vulnerability or resilience to social stress
[250].

Gut microbiota, important activators of inflammatory substances, have emerged as 
a putative mechanism for promoting stress vulnerability[253]. For example, in one 
study, mice that were most susceptible to the behavioral effects of chronic SD 
(reflected by severe social avoidance behaviors) displayed the greatest changes within 
particular sets of bacteria in the phylum and genus taxonomic ranks[255].

RESILIENCE TO THE EFFECTS OF SOCIAL DEFEAT ON THE REWAR-
DING PROPERTIES OF DRUGS OF ABUSE
There is a well-known link between stress and the development of AUD/SUD, and 
preclinical studies have shown that early life stress, social rank stress, and SD stress 
impact on vulnerability and resilience to alcohol, cocaine and other drugs of abuse[14,
15,256]. However, as mentioned previously, there are few works studying resilience to 
the effects of social stress on the rewarding properties of drugs of abuse. For example, 
in the search “social defeat, addiction, resilience” in PubMed we identified only 18 
papers, and some of these studies did not employ any paradigm of drug reward or 
addiction. After an exhaustive search and review of the literature we found only 8 
papers on resilience to the consequences of repeated or chronic SD for the rewarding 
effects of cocaine, alcohol or methamphetamine.

In a classic preclinical study of resilience, Krishnan et al[70] demonstrated for the 
first time that, following exposure to chronic SD stress, mice can be classified as 
susceptible or resilient according to their differential response to stress. Susceptible 
mice exhibited anhedonia, social avoidance and anxiety-like behavior in the EPM, 
while resilient mice did not show such symptoms. This study was also pioneering in 
demonstrating differences between susceptible and resilient mice in sensitivity to the 
rewarding effects of cocaine. Only susceptible mice showed CPP after conditioning 
with a low dose of cocaine, while resilient or non-stressed mice did not acquire CPP
[70]. Surprisingly, until recently, no other studies have addressed this issue.
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In our laboratory, we have studied the influence of IRSD stress on the rewarding 
properties of cocaine in the CPP paradigm. Exposure to four episodes of SD during 
late adolescence (on post-natal day (PND) 47-56) subsequently increased the 
sensitivity of adult mice to a low dose of cocaine. In particular, 1 mg/kg of cocaine 
induced CPP in defeated mice but not in non-stressed control mice[77]. In a recent 
study, we evaluated whether some animals were resilient to the effects of IRSD. 
Overall, exposure to SD decreased all measurements related to the open arms of the 
EPM, immobility in the TST, social contact in the social interaction test, and grooming 
in the splash test. IRSD exposure also increased the sensitivity of the mice to the 
rewarding effects of cocaine, since only defeated animals acquired CPP. However, the 
potentiation of cocaine CPP was not observed in all the defeated mice, as some of them 
were resilient to the effects of IRSD on cocaine reward[93]. In the same study we 
characterized the behavioral profile of vulnerable and resilient mice during defeat 
episodes and in several behavioral paradigms shortly after SD. Vulnerable mice that 
showed CPP also exhibited depressive-like behavior, in line with the results of 
Krishnan et al[70]. In comparison with vulnerable mice, resilient mice displayed 
different behavioral traits, such as less submissive behavior during episodes of defeat, 
a lower percentage of time in the open arms of an EPM, lower novelty-seeking in the 
hole board, higher social interaction, greater immobility in the TST, and higher 
frequency of grooming in the splash test. These results indicate that the behavioral 
profile of resilient mice is characterized by an active coping response during defeat 
episodes, a reduced short-term response to SD (lesser reactivity to moderate 
unavoidable stress, enhanced concern in a potentially dangerous environment and 
absence of depressive symptoms), and a lack of long-term responses to SD, as eviden-
ced by the absence of cocaine CPP[93].

Two similar studies also showed that control mice do not develop CPP with a low 
dose of cocaine, while defeated mice did overall develop a preference for the drug-
paired compartment[143,162]. Among the defeated animals, two populations could be 
distinguished - resilient (did not develop preference) and susceptible mice (developed 
preference) - and they differed in their active or passive behavior during the SD 
sessions. As the authors stated, “resilient animals showed less flight and submission 
behaviors than susceptible mice and they presented attack behaviors towards the 
residents, thereby showing their resistance to being defeated”[162]. Besides passive 
coping behavior during SD episodes, susceptible mice (which showed cocaine CPP) 
also displayed social avoidance and higher IL-6 levels in the striatum and hippo-
campus after the last SD episode[143]. The results of all these studies suggest that an 
active coping style can protect the individual from the negative consequences of social 
stress. It is important to note that differences in the responses to cocaine between 
susceptible and resilient mice were not always observed, since both subgroups of 
defeated mice showed similar levels of cocaine SA[143].

Rats exposed to repeated SD (five episodes) and social isolation (approximately 12 
wk) can also be classified as SD-prone or SD-resilient, based on their affective 
(depression-like behavior) and cognitive performance. In one study, although SD was 
shown to increase alcohol SA in both groups, only SD-prone rats displayed heightened 
motivation for alcohol, persistent alcohol-seeking despite unavailability, resistance to 
extinction, and increased cue-induced reinstatement of alcohol SA[145]. Similarly, 
among rats exposed to SD stress, there was a subpopulation in which SD exposure 
increased anxiety-like behavior and induced escalation of alcohol SA. In comparison 
with resilient rats, vulnerable rats showed a strong upregulation of vasopressin and 
oxytocin that correlated positively with the magnitude of the anxiety-like behavior and 
alcohol SA[146]. These studies suggest that proneness to depression or anxiety 
enhances vulnerability to AUD, while resilience to mental disorders induced by stress 
can protect the individual from the development of AUD.

No studies have evaluated resilience to the effects of SD on the rewarding effects of 
drugs of abuse other than cocaine and alcohol, although one did show that a single SD 
episode combined with drug priming potentiated the reinstatement of methamphe-
tamine SA (in comparison with priming alone). Interestingly, the defeat latency during 
the episode of SD correlated with reinstatement values and c-Fos-immunoreactivity in 
the basolateral amygdala; priming-induced reinstatement and c-Fos were both 
potentiated in rapidly defeated rats. Conversely, these effects were not observed in 
rats that were undefeated during the social encounter, but inactivation of the 
basolateral amygdala induced potentiation of reinstatement, suggesting that this 
structure mediates resilience against SD stress[144]. The positive correlation between 
reinstatement and passive coping (high values of reinstatement in animals with lower 
latency defeat) was reported in another study, although the authors questioned its real 
meaning, and proposed that active coping behaviors during SD episodes were 
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associated with the magnitude of reinstatement[257]. In the study in question animals 
were exposed to SD-predictive cues (discrete environmental stimuli present during the 
SD stress experience) or not (control group) before reinstatement. Animals exposed to 
SD-predictive cues exhibited stronger reinstatement of cocaine SA and increased 
serum corticosterone with respect to the control group. Reinstatement magnitude was 
positively and significantly correlated with the time spent in a “submissive supine 
posture”, considered a “passive” coping response. However, there was a narrow 
(though non-significant) correlation between the magnitude of resilience and three 
behavioral categories indicative of active coping responses; “aggressive 
allogrooming”, “dominant posture”, and “retreat”. Further studies are needed to 
determine the real nature of the correlation between the coping strategy of mice 
during defeat and subsequent vulnerability to reinstatement.

Although scarce, there is research on resilience to the effects of stress on drug 
reward carried out with other paradigms of social stress. Mice segregated according to 
whether they are vulnerable or resilient (socially-submissive or socially-dominant 
mice, respectively) were exposed to CMS for 4 wk; vulnerable, submissive mice 
displayed a marked increase in cocaine preference after stress, whereas the preference 
of resilient, dominant mice did not change. In addition, vulnerable mice displayed an 
increase in the expression of CRF and a reduction in the expression of DA D1 and D2 
receptors in the hippocampus[159]. Following exposure to predator odor stress, 
animals were classified as susceptible or resilient based on EPM behavior and context 
avoidance; as expected, susceptible animals showed heightened motivation to self-
administer cocaine[141]. With the same model, female and male rats were classified 
according to their stress-reactive behavior (digging and immobility during exposure to 
the predator odor); no different subgroups could be distinguished in males because all 
presented the same profile, but female rats were composed of two different 
populations - high digging/low immobility vs low digging/high immobility - and the 
former showed increased alcohol SA[147].

Early-life adversity consisting of rearing mouse pups in a limited bedding and 
nesting environment facilitates the escalation of ethanol intake in males at an earlier 
stage of exposure to alcohol, while females are insensitive to both stress and alcohol. In 
the study in question, stressed males exposed to alcohol showed reduced open arm 
exploration in the EPM and increased immobility in the TST compared to alcohol-
naïve mice, although they did not differ in grooming response in the splash test, novel 
object recognition test or corticosterone levels. There were also no differences among 
control-reared males exposed or not to alcohol. The authors concluded that early stress 
accelerates the transition from moderate to excessive alcohol drinking and produces 
anxiety- and depression-like symptoms during alcohol withdrawal[92].

Finally, foot shock stress has been shown to increase two-bottle drinking in some 
mice, although others show resilience to this effect, displaying higher G-CSF, IL-13, 
and leptin levels[164]. All these studies suggest that differences in the ability to cope 
with stressful situations or in the response to stress results in varying tendencies to 
develop addictive behaviors.

Stress and drug use can lead to common alterations in synaptic plasticity that may 
contribute to the ability of stress to elicit relapse. For example, disruption of PKC-
mediated GluA2 phosphorylation increases vulnerability to both SD-induced 
enhancement of social avoidance and stress-induced reinstatement of cocaine AA and 
CPP[258]. Study of resilience to the reinstating effects of SD stress may help to identify 
therapies that prevent stress-induced relapse. In line with this, Bruchas et al[202] 
demonstrated that SD stress produced reinstatement of cocaine-induced CPP in wild-
type mice, but not in mice with a selective deletion of p38α MAPK in DRN 
serotonergic neurons. The antagonism of DA D3 receptors also prevents the SD-
induced reinstatement of cocaine CPP and the increase in corticosterone provoked by 
SD[259]. Similarly, elimination of Rgs7 (a regulator of G-protein-coupled receptors) in 
striatal neurons induces a resilient phenotype, since mice do not show SD-induced 
reinstatement of cocaine CPP and exhibit an anxiolytic- and antidepressant-like profile
[163]. Finally, our group has demonstrated that cannabidiol can prevent SD-induced 
reinstatement of cocaine CPP[154]. Altogether, these studies suggest that resilience to 
the effects of social stress on relapse to cocaine seeking can be pharmacologically 
enhanced.

FUTURE RESEARCH DIRECTIONS
An important variable in the development of resilience is sex. Studies on resilience to 
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stress in animal models have been performed almost exclusively in males, although 
the prevalence of stress-related disorders clearly differ between males and females
[260]. Some studies have shown sex differences in vulnerability and resilience to stress 
through a lifetime. Prenatal or early stress affects males more than females, inducing 
problems in social interaction, attention and cognition; conversely, adolescent stress 
induces more effects in females, increasing the risk of depression, anxiety and PTSD
[261]. Thus, research suggests that hormonal activation during puberty, pregnancy or 
perimenopause highlights the risk associated with stress in females. Furthermore, in 
comparison with males, female rodents are more resilient to the effects of stress on 
cognitive processes (for example, in the object recognition task), but are more 
susceptible to the effects of stress in emotional domains (for example, in the sucrose 
preference and the FST)[86,87]. In fact, the effects of stress on cognition depend on 
both sex and the learning task. For example, stress improves the performance of radial 
arm maze, Morris water maze, Y–maze, non–associative learning, and object 
placement tasks in females, but impairs it in males[262-264]. Conversely, stress 
enhances learning of aversive conditioning in males but impairs it in females[265,266]. 
These data point to the possibility that males and females use different coping 
strategies in the face of stress[5]. Females are more resilient than males to the 
impairing effects of chronic unpredictable intermittent restraint on spatial memory, 
suggesting that chronic stress negatively impairs hippocampal-dependent function in 
males, but not in females[125]. Sexual differences in the consequences of stress on 
corticolimbic areas[267], including the brain reward system and the NAcc[202,250], 
and on the NA LC system[109] have also been reported. In fact, there are sex 
differences in the effects of ketamine on resilience to chronic stress, as this drug is only 
effective in males[268]. Research on sex differences in vulnerability and resilience to 
stress in general and in the field of drug abuse in particular should be a priority of 
future research. The knowledge obtained by studies with females is critical to the 
development of effective treatments customized for each sex, which may improve 
psychological disorders derived from or related with stress, including drug addiction.

Age is another essential variable to be taken into account in the study of resilience to 
the effects of stress. Adolescents are particularly sensitive to environmental influences, 
since DA circuitries in the PFC undergo maturational changes at this age. This can 
render adolescents more vulnerable to the effects of SD. For example, we have 
observed how SD exposure during adolescence induces a long-term increase in vulner-
ability to reinstatement[78,155]. A recent study has compared adolescent and adult 
mice according to their resilience or susceptibility to social avoidance behavior after 
SD exposure. Although the majority of adolescent mice were resilient, they exhibited 
risk-taking behavior, alterations in PFC DA connectivity and deficits in inhibitory 
control when they reached adulthood. Conversely, the majority of adult mice were 
susceptible (they exhibited social avoidance), but did not show alterations in anxiety-
like traits, PFC connectivity or cognition[269]. Chronic SD stress in adolescent mice has 
a profound impact on the development and plasticity of reward circuity, inducing 
alterations in the glutamatergic development of the NAcc and mesolimbic DA system
[270]. In our laboratory we are now studying the behavioral traits that characterize 
resilient mice exposed to IRSD stress during early adolescence, with the objective of 
comparing the results with those of our previous study in adult mice. As maternal 
experience promotes resilience to the effects of stress on cognition[271], we believe it 
could be interesting to evaluate how maternity modifies resilience to the effects of SD 
on drug reward and other behavioral outcomes. The study of stress resilience in the 
context of aging is very limited[165] but necessary, because the likelihood of the mood 
and cognitive disorders frequently associated with drug addiction increases in older 
adults. Thus, future research on resilience must be extended to cover the whole 
lifespan, with a special focus on critical periods such as prenatal or early life, 
adolescence, maternity and old age. In addition, it is essential to determine if resilience 
is a stable trait or changes with time. In this context, a recent study has analyzed the 
behavior of stressed mice after chronic SD at early and late stages of their lives and has 
found very dynamic courses of behavior: there are those that are consistently resilient 
or susceptible over time; those that are susceptible in the short term after stress, but 
recover with time; and there are animals that are initially resilient but develop vulner-
ability at a later date[112].

Another area of future research in the field of resilience to the effects of stress on 
drug addiction is that which explores the behavioral or pharmacological manipu-
lations that increase or promote resilience to the effects of stress on drug reward. 
Regarding behavioral manipulations, we have observed that mice allowed to perform 
voluntary physical exercise before exposure to IRSD become resilient to the effects of 
stress on cocaine-induced CPP (Calpe-López et al[93], in preparation). Positive social 
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conditions, such as paired housing, also increase stress resilience and reverse the 
potentiation of cocaine reward induced by IRSD, effects that are mediated by oxytocin
[161]. In addition, it is essential to improve our understanding of the phenomenon of 
stress inoculation in order to define the right type and level of stress and the influence 
of age and sex variables. In recent studies we have tested the effects of different types 
of stress inoculation, which can modulate the subsequent response of mice to IRSD. In 
particular, a brief maternal separation (6 h on PND 9) or exposure during adolescence 
(PND 27) to immobilization, to a single SD or a vicarious defeat experience all induced 
resilience, and mice did not show cocaine-induced CPP (Calpe-López et al[93], in 
preparation).

Regarding pharmacological manipulations, preclinical studies have shown the 
effectiveness of several pharmacological treatments in models of resilience to the 
effects of stress on depressive- and anxiety-like symptoms and in animal models of 
drug addiction. These studies have highlighted the potential of several drugs that may 
increase resilience to some of the effects of social stress, including cannabidiol, NMDA 
antagonists and NOS inhibitors, NPY, galanin, and OX receptor modulators. Thus, it 
may be interesting to test whether these compounds are a therapeutic target to 
increase resilience to the effects of stress on drug addiction. Among these compounds, 
we would highlight cannabidiol, which is effective in reducing PTSD[272] and the 
effects of cocaine and other drugs of abuse[273,274,275]. A recent study in our 
laboratory demonstrated that cannabidiol prevents the stress-induced reinstatement of 
cocaine CPP[154]. Thus, it would be interesting to test the potential of cannabidiol to 
promote resilience to the effects of stress on the rewarding properties of drugs of 
abuse. We consider this drug to be a promising pro-resilience compound. Similarly, 
several studies have demonstrated that the NMDA antagonist ketamine exerts 
protective effects against the long-term consequences of different kinds of stress in 
animal models[165,174]. We believe this drug may prevent the long-term effects of 
stress on drug addiction, as we have demonstrated that another NMDA antagonist, 
memantine, induces resilience to the effects of social stress on the CPP induced by 
cocaine in mice[77]. In the same way, the effects of nitric oxide (NO) modulators need 
to be evaluated, since exposure to stressful events activates NO synthase (NOS), while 
pharmacological inhibition of NOS reduces depressive and anxious behaviors in 
animal models[276]. Furthermore, previous studies have demonstrated that NO is also 
involved in the rewarding effects of drugs of abuse[79,277], and NOS inhibition has 
been shown to prevent the effects of social stress on the rewarding properties of 
MDMA in the CPP paradigm[157].

The role of several neuropeptides in the effects of stress in animal models of drug 
addiction must also be evaluated. As commented on in the previous section, NPY is 
involved in the regulation of stress responses and plays an important role in emotional 
behaviors, mediating PTSD and addictive disorders[213-214]. Thus, NPY, as well as 
galanin[83,84], could induce resilience and prevent the effects of stress on drug 
addiction. OX play an important role in the response to stress and drugs of abuse
[219]. In particular, OX-A activates the HPA axis and induces ACTH and corticos-
terone release[218]. Furthermore, the antagonism of OX1 receptor blocks the stress-
induced reinstatement of cocaine seeking[224,278], and the genetic manipulation of 
animals to induce a deficiency of OX has been shown to reduce cocaine-seeking after a 
withdrawal period and responsivity to cocaine-associated cues[22]. Conversely, 
agonism of the OX2 receptor promotes resilience to the anxiety- and depression-like 
symptoms induced by SD[224]. Thus, it would be of interest to test whether OX1 
antagonists or OX2 agonists increase resilience to the effects of SD in animal models of 
drug addiction. Finally, p38 MAPKs are key signaling molecules in response to stress, 
regulation of pro-inflammatory cytokines and drug addiction. For these reasons, p38 
MAPK and HDAC6 inhibitors are promising drugs, because they might increase 
resilience against stress and addiction relapse induced by adverse experiences[160].

It is vital that future research focus on other drugs of abuse, since, with the 
exception of one study on methamphetamine, cocaine and alcohol are the only drugs 
to have been evaluated. It is also important to study the relationship between different 
aspects of resilience (for example, between resilience to the development of depressive 
symptomatology and resilience against developing drug addiction after stress 
exposure). Frequently, resilience to a particular effect of stress does not imply 
resilience to another effect. For example, inhibition of 5-HT synthesis provides 
resilience against the effects of CMS in the open field, but not in the EPM[103]. Pre-
treatment with ketamine before SD protects mice against depressive-like behavior in 
the FST but does not prevent anxiety-like behavior in the EPM[60]. A recent study 
showed that susceptibility to SD-induced social avoidance is unrelated to suscept-
ibility to develop a deficit in appetitive, goal-directed motivation after SD; however, 
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motivational impairments were related to ventral hippocampus hyperactivity, since 
successful task completion in resilient animals was associated with suppression of 
ventral hippocampal neural activity[279]. Similarly, rats displaying high cognitive 
competence in the Y-maze and radial arm maze are also resilient to the negative effects 
of the FST[280]. Resilience to the effects of SD on cocaine and alcohol reward 
frequently correlates with the absence of depressive-like symptoms[70,93,143,145].

Finally, translational studies of potential cognitive treatments to increase resilience 
are essential. For example, cognitive training in humans reduces vulnerability in the 
face of environmental stress. Similarly, it has been observed that a brief 9-day 
cognitive training can promote long-term resilience to the CPP induced by cocaine in 
mice, thus accelerating the extinction of CPP[158]. Coordination between human and 
animal studies is also required to understand the neural circuit of resilience, and 
neuroimaging techniques in humans can be combined with classic or more innovative 
methods in animals.

CONCLUSION
In the fields of medicine and psychology, the concept of resilience has implied a 
change of paradigm, placing the focus on factors that maintain health and promote 
wellness. The majority of research on drug addiction aims to identify individual and 
environmental factors that enhance the vulnerability of a subject to drug addiction. 
From our point of view, the incorporation of the concept of resilience - a complex, 
multidimensional construct - will allow scientists to unravel the neurobehavioral traits 
that confer protection against developing an addictive disorder after exposure to 
stressful or traumatic events, as well as permitting the underlying neurobiological 
substrates of resilience to be determined.

Overall, our understanding of the neurobiology of resilience is still at an early stage, 
but research in the last decade has made leaps and bounds by identifying genetic, 
epigenetic, molecular, neurochemical, psychological and environmental factors that 
protect individuals from the neuropsychiatric disorders related to stress[9,281-284]. 
Currently, resilience is considered an active and dynamic process that can be enhanced 
to allow individuals to adapt positively to a stressful context that, in other cases, could 
increase the risk of developing a psychiatric disorder. This concept of resilience has 
fueled the number of studies focused on specific protective factors and how the 
neurobiological mechanisms of resilience (HPA axis, GABA, serotonin, glutamate, DA, 
NA, acetylcholine, endocannabinoids, BDNF-TrkB, OX/hypocretin, NPY, galanin, etc.) 
can be manipulated to increase stress resilience in high-risk individuals and thus 
prevent the development of psychiatric disorders related to stress[165,219,281,284-
286]. However, as stated before, most studies to date have focused on resilience to the 
development of emotional and anxiety disorders, while those on resilience to addictive 
disorders are few and far between. The members of our research team are pioneers in 
the study of resilience to stress in the context of drug addiction. Besides identifying 
behavioral traits that predict resilience in mice[93], we have highlighted behavioral 
manipulations (papers in preparation) and pharmacological treatments that increase 
resilience to the effects of stress in preclinical models of drug addiction. In particular, 
antagonism of glutamate receptors and inhibition of NOS reverses the effects of IRSD 
on cocaine and MDMA CPP[77,157,287], while cannabidiol reduces the effects of 
cocaine[154,273,274] and blocks SD-induced reinstatement of cocaine CPP[154].

Although promising, research on resilience to developing drug addiction after stress 
in animal models is not devoid of limitations; namely, the difficulty of determining the 
intensity and duration of exposure to adversity, and the definition of a concrete 
criterion to consider an animal resilient (absence or reduction of substance use; 
resistance to developing a SUD or to reinstatement of drug seeking, etc.). In addition, 
the incorporation of females and rodents at different developmental ages is crucial if 
the realities of resilience are to be fully understood.

From a translational point of view, understanding how an individual develops 
resilience is of paramount relevance to the design of training programs that increase 
this ability and promote coping mechanisms, especially in subjects with a maladaptive 
stress response. There is a well-known link between stress and the development of 
AUD/SUD, anxiety and depression disorders. Comorbidity between these disorders is 
frequent and associated with more severe symptoms and poor treatment outcomes. 
Besides reducing addictive behaviors, resilience training may have positive effects on 
mental health, reducing vulnerability to the development of anxiety, depressive, and 
cognitive disorders. Advances in the identification of neurobiological substrates of 
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resilience will help in the development of pharmacological and psychological 
interventions for enhancing resilience to adversity and stress.
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Abstract
As elderly people increasingly come to represent a higher proportion of the 
world’s population, various forms of dementia are becoming a significant chronic 
disease burden. The World Health Organization emphasizes dementia care as a 
public health priority and calls for more support for family caregivers who 
commonly play a significant, central role in dementia care. Taking care of 
someone with dementia is a long-term responsibility that can be stressful and may 
lead to depression among family caregivers. Depression and related behavioral 
and cognitive changes among caregivers could in turn affect the status and 
prognosis of the dementia patient. This review article explores depression in 
dementia caregivers and summarizes proposed mechanisms, associated factors, 
management and research findings, and proposes future research directions.

Key Words: Dementia; Depression; Caregiver; Caregiver burden; Activities of daily living; 
Functional status
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Core Tip: The prevalence of depression among caregivers of patients with dementia is 
higher than that of the general population. The cause of depression in caregivers is 
complicated and thought to be related to the patients, caregivers and cultural 
backgrounds. Multifaceted treatment for depression is regarded as the current 
mainstream clinical intervention. In some areas, supplementation with smart 
technology for interventions to alleviate the burden and depression of caregivers could 
be considered. There are also some ideas and directions for future research included in 
the conclusion section of this review.
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INTRODUCTION
Depression is a common and serious health condition that is different from usual 
mood fluctuations and short-lived emotional responses to challenges in everyday life. 
It can cause the affected person to suffer greatly and function poorly at work, at school 
and within the family. According to the World Health Organization, over 264 million 
people globally suffer from major depressive disorder, which is one of the leading 
causes of disability worldwide[1]. The prevalence of depression among dementia 
caregivers is even higher than that of the general population[2]. Because patients with 
dementia suffer from impairment in cognitive functioning and activities of daily living 
(bathing, eating, etc.), the caregiver's quality of care to his or her patient or family 
member is central, and the caregiver is usually with the patient for several hours per 
day (or resides in the same house). Many studies have shown that the behavioral and 
psychological symptoms of dementia (BPSD) mutually affect the caregiver’s skills and 
are also reflexively influenced by the caregiver, so the caregiver's own physical and 
mental health is extremely important. The topics of depression and the burden of 
caregivers of dementia patients are popular in clinical research. One of the significant 
reasons is that interventions for caregiver burden and depression are still a great 
challenge and an unmet need in clinical practice.

Depression can cause a variety of psychological and physical problems and raise the 
risk of caregiver suicide[2]. It compromises caregivers’ physical health[3], reduces 
caregivers’ quality of life[4], and has been shown to cause caregivers to place patients 
with dementia in an institutional care facility more rapidly[5,6]. Depression in 
caregivers can also influence dementia patients’ cognitive status and has been 
associated with more rapid cognitive decline in the dementia patients studied[7].

Caregiver depression is producing a growing impact on existing medical care and 
insurance systems. Guterman et al[8] suggest that caregiver depression shows a 
significant association with increased emergency department use. They report that 
medical systems should specifically address patient- and caregiver-centered dementia 
care and suggest that improved health outcomes and lower costs for this high-risk 
population could be achieved.

Many studies have investigated the factors associated with dementia caregiver 
depression and explored various interventions to address it. The work presented in 
this review falls into several categories, including prevalence, mechanism, associated 
factors, management, and research trends of depression in caregivers of patients with 
dementia.

DEFINITION FOR BURDEN AND DEPRESSION IN CAREGIVERS
The author defined a family caregiver as an adult who directly provides observation, 
encouragement, assistance, or care that substitutes for a patient’s efforts related to the 
activities of elderly patients with dementia. Such activities may include assisting the 
dementia patient to complete housework cleaning or maintenance, managing 
economic affairs, facilitating and supervising activities outside the home, and the 
broad supervision and management of safety, legal, and medically related matters.

Caregiver burden
The author can summarize 4 characteristics on the formation and the source of 
caregiver burden: (1) Direct care work, assistance in daily activities for patients and 
implementation of medical care; (2) The gap between the caregiver’s expectations and 
the reality; (3) Breaking the personal routine of the caregiver; and (4) The feelings of 
taking on the responsibility of the caregiving role.

The caregiver burden has subjective and objective dimensions. The subjective 
burden refers to the stress and anxiety that the caregiver feels about his or her own 
situation and the feeling of being manipulated by the care recipient. Objective distress 
refers to the interference and change of the caregiver’s life habits and household 
caused by care work[9]. In addition to the above concepts, in clinical outpatient 
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services, caregivers often ask for help and have distress due to the BPSD[10,11].

Caregiver depression
Depression (melancholia) is an emotional response to chronic frustration and 
disappointment. In psychopathology, it is an affective and emotional disorder[12]. The 
etiologies for melancholia can be divided into reactive or endogenous types. In 
general, the mildest form of depressive mood is difficult to distinguish from the 
experience of disappointment and loss. It is a common, recurrent, and impairing condi
-tion that can lead to future suicide attempts, interpersonal problems, unemployment, 
and psychosocial dysfunctions.

Approximately 80% of dementia patients are being cared for by their families in the 
community. It was found that patients spent an average of 6.5 years being cared for at 
home before they were sent to a nursing institution[13]. It takes an average of 4 to 8 h a 
day to care for elderly individuals with dementia. Fuh et al[14] reported that 56.6% of 
dementia caregivers care for patients for more than 8 h a day. In the early stage of 
dementia, family members assist patients with higher and more complex daily life 
functions, such as assistance in dealing with money or with medication problems. 
However, as the patient's disease progresses, part of the caregiver's care gradually 
changes to assisting with self-care, such as bathing, dressing, and eating. The safety of 
the patient becomes the focus, and the problem of urine or stool incontinence 
gradually develops. At the same time, the caregiver must also deal with the patient's 
behavioral disturbances. In the process of caring, caregivers have to face the gradual 
disappearance and changes of the personality of his or her loved one, and witness the 
process of degeneration, suffering, distress and facing death. In addition to the direct 
distress of caring for patients, caregivers also deal with family conflicts, financial 
problems, and employment problems and adapt themselves to the role of caregiving. 
Furthermore, family caregivers also play a role in the medical care process of patients, 
including providing the patient's illness history, describing symptoms, and assisting in 
medical care[13].

EPIDEMIOLOGY OF CAREGIVER DEPRESSION
Many studies have investigated the quality of life of dementia caregivers and found 
that they experienced high levels of grief, ambivalence, and other psychological 
ailments[15]. Major depressive symptomatology was most common, reported by more 
than 50% of caregivers[16,17]. A meta-analysis study revealed that depression occurs 
in at least 1 in 3 caregivers of persons with dementia[18,19]. Some previous studies 
have also reported high rates of caregiver depression, approximately 30%–83%[20].

CLINICAL MECHANISMS OF DEPRESSION IN CAREGIVERS OF DEMEN-
TIA PATIENTS
High prevalence rates of caregiver depression may be explained by several factors. 
Many mechanisms and models have been developed and tested, and the evolution in 
understanding depression in those who provide care to family members with 
dementia is introduced in this section.

Stress process model
The stress process model[21] proposes that caregiver demographics (such as age, sex, 
employment status, and relationship to the patient) are associated with and actively 
affect each part of the stress process and types of stress, including subjective stressors, 
objective stressors, the perception of those stressors, and outcomes such as caregiver 
burden and depression.

The stress process model assumes that various factors influence stress and coping 
reactions. Some factors are naturally protective bodily resources that decrease the 
negative effects of stress. Other associated factors may increase the effects of stress and 
render the individual more vulnerable to stress. The model suggests that caregiver 
outcomes are often influenced by subjective and objective stressors, role strains, and 
psychological strains and are balanced with mediating influences such as coping 
strategies and social support resources such as family, friends, and other social groups. 
Other caregiver distress studies identified similar variables present in the stress 
process model[22]. Caregivers’ mental health outcomes depend not only on objective 



Huang SS. Depression among caregivers of dementia patients

WJP https://www.wjgnet.com 62 January 19, 2022 Volume 12 Issue 1

factors such as the BPSD and number of caregiving hours worked, but also on the 
caregivers’ subjective appraisals of the individuals with dementia or the accom-
panying situations[23]. Many caregivers misunderstand that problematic behaviors 
are under dementia patients’ control. Caregivers making this assumption are more 
likely to be depressed than those who attribute the BPSD to the disease itself and 
accept them[23]. On the other hand, caregivers with a sense of purpose, more closeness 
with the patients, and higher competencies may more easily find positive rewards in 
this challenging situation[24,25]. Previous studies have indicated that caregiver 
outcomes, including a sense of self-efficacy in controlling upsetting thoughts about the 
patient, rather than mechanistically dealing with problematic behaviors or obtaining 
respite, are highly associated with improved caregiver outcomes[26-29].

Core stress and coping model
Previous studies[30] suggest a common core model for explaining the formation of 
caregiver distress. In this core model, BPSD are seen as basic stressors for informal 
caregivers, the caregivers’ personal perceptions of burden as key mediators are 
incorporated, and it is suggested that higher levels of caregiver burden are positively 
associated with worse caregiver outcomes.

Sociocultural stress and coping model
Aranda and Knight[31] suggest that culture and ethnicity play important roles in the 
stress and coping processes of caregivers to elderly individuals. Cultural and ethnic 
factors may even be associated with specific health disorders and disabilities and 
explain variations in caregivers’ appraisals of potential stressors. Knight and Sayegh
[32] suggest a revised model (Figure 1) that takes cultural values into more robust 
consideration. They suggest that familism as a cultural value adds multidimensional 
effects and that values regarding social or familial obligations show more influence 
than family solidarity. Knight and Sayegh[32] further point out that the effects of 
cultural values and ethnicity on stress and coping processes are found to relate more 
to social support and coping styles than to caregiver burden. In summary, cultural 
values are, at best, indirectly related to the mental health of caregivers, which in turn 
affects the social and family support of dementia caregivers and further affects the 
way they respond to dementia patient(s) in their care. The authors suggest that these 
factors are at least indirectly associated with the mental health of caregivers.

Systemic family framework model
The psychological and dynamic dimensions within a family are thought to affect 
caregiver stress perceptions and coping processes. Acceptance of aversive experiences 
and a commitment to personal values by the caregiver are proven to be associated 
with challenges and experiences, including sadness and grief. Although there is 
usually one member of the family that assumes most caregiving responsibility, the 
caregiving process impacts the whole family.

Mitrani et al[33] applied structural family theory[34] in studying the role of family 
functioning in caregiver stress and coping processes. They indicated that family 
functioning partially mediates the relationship between objective burden and 
caregiver distress in the stress process model (Figure 2). Mitrani et al[33] suggested 
that caregiver distress appraisal may be mitigated by any intervention that is best 
targeted at correcting problematic family interactions and preserving protective family 
patterns. Family interventions may enhance the participation of dementia patients in 
family activities, resolution of disagreements, and expressions of emotionality and 
further decrease expressed negative responses to the patient.

Activity restriction model
The Activity Restriction Model[35] suggests that the stresses of caregiving discourage 
one’s ability to engage in social and recreational activities, and this restriction is 
expected to contribute to depression. Mausbach et al[36] examined the activity 
restriction model in the context of dementia caregiver research. Their results suggest 
that activity restriction significantly mediated the relationship of the caregiving role 
and depression. On the other hand, they also found that depression acts as a key 
mediating factor of the caregiving role and activity restrictions. These findings support 
the use of social and recreational activities of dementia caregivers as opportunities for 
useful depression-improving behavioral interventions. Moreover, the caregiver’s 
participation in pleasurable activities (i.e., behavioral activation) could be promoted 
with behavioral and cognitive-behavioral approaches[37]. These results raise the 
importance and application of the activity restriction model in explaining and treating 
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Figure 1 The sociocultural stress and coping model is based on the core stress and coping model and further takes cultural values into 
consideration.

Figure 2 Systemic family framework model is based on the stress process model and the family functioning is taken into consideration.

caregiver depression.

Suffering-compassion model
Previous studies suggest that caregivers’ perceived suffering of the dementia patients 
was significantly associated with caregiver depression[38]. The Suffering-Compassion 
Model demonstrates the relations among the dementia patient’s suffering, and the 
caregiver’s perceived suffering, intrusive thoughts, and compassion. The contribution 
of caregivers’ perceived suffering to caregiver depression is, however, mediated by 
their own personal intrusive thoughts. At the same time, caregiver compassion 
appears to moderate the relations of the caregiver’s perceived suffering and intrusive 
thoughts. If the caregiver had higher compassion, he or she was more likely to 
experience greater intrusive thoughts. It should be noted that the physical suffering of 
dementia patients may be more easily recognized than their psychological suffering
[39]. This could therefore cyclically mediate caregiver perception, reaction, emotion, 
etc.

In summary, the author merged the above 6 common models for explaining 
caregiver depression, as shown in Figure 3.

FACTORS ASSOCIATED WITH CAREGIVER DEPRESSION 
It is important to explore all factors that may be relevant to the development of 
dementia caregiver depression. By understanding the relevant factors, treatment may 
be designed to improve caregivers’ mental health.

As dementia diseases progress, an individual’s forethought, planning, organizing, 
and execution of instrumental and basic activities of daily living (ADL) deteriorate and 
ultimately require oversight, assistance, and then performance on behalf of the patient. 
Without caregiver assistance, a large proportion of patients with dementia would need 
nursing home care earlier in the disease process, and the costs of long-term care would 
increase. Depression is one of the most important issues for caregivers because it is 
related to poor quality of life, functional decline, and even mortality. Caregiver 
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Figure 3 A conceptual model includes the factors related to the caregiver depression. The figure is based on the stress process model and 
combined with core stress and coping model, sociocultural stress and coping model, systemic family framework model, activity restriction model, and suffering-
compassion model.

depression is thought to be a consequence of care due to a complex interplay of factors 
that comprises dimensions of the patient, caregiver, and cultural background.

Characteristics of patients with dementia
Previous studies associated caregiver depression with being younger, having White or 
Hispanic ethnicity (compared to black ethnicity), having a lower educational level, and 
caring for a patient with ADL dependence[40,41], and behavioral disturbances[41,42]. 
There is significant evidence that BPSD influence depression in caregivers and may be 
more influential than the severity of cognitive deficits seen or perceived in the patient
[43,44]. Different dementia types are also associated with caregiver depression. Liu et 
al[45] reported that the severity of patients’ BPSD and caregivers’ perceived stress 
contributed to the increased caregiver burden. Caregivers for patients with fronto-
temporal lobar degeneration and dementia with Lewy bodies are likely to have more 
caregiver burdens than those who care for patients with Alzheimer’s disease.

Apart from cognitive and functional impairment, BPSD affect a large proportion of 
patients with dementia at some point in their disease course. Behavioral disturbances 
are highly challenging for patients with dementia, their caregivers, and their 
physicians, as some BPSD are difficult to manage and associated with a greater 
caregiver burden, higher risk for nursing home placement, prolonged hospitalization, 
and reduced quality of life. Huang et al[46] suggested that agitation, aggression, 
anxiety, nighttime behavior disturbances, irritability, and hallucinations are the five 
leading BPSD that are significantly related to caregiver depression. Choi et al[47] 
suggested that different BPSD clusters have a differential impact on caregivers’ mental 
health. Care providers should first distinguish between rejection of care, aggression, 
and agitation in patients with dementia and then manage those problematic behaviors 
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to decrease the risk of caregiver depression.
Some studies have found anosognosia in patients with dementia to be related to 

caregiver burden and depression[48-50]. Anosognosia is characterized by the 
phenomenon of obvious unawareness, misinterpretation, or total denial of an illness. It 
is a common symptom of dementia[51]. One explanation is that a patient’s higher level 
of anosognosia results in a higher burden and depression of the caregiver. Anosog-
nosia would increase caregivers’ social isolation and tension related to obtaining and 
receiving patient care[50]. Another possible explanation could be that the depression 
of the caregiver may distort the perceived health status of the dementia patient and 
possibly cause a more negative assessment of caregiver-rated dementia problems[52].

Other than the patients’ demographics, the subjective feelings of the dementia 
patients may also be an important topic to be studied, such as the patient’s sensation of 
suffering. In a longitudinal analysis[53], increases in patients’ suffering were 
associated with higher caregiver depression. Several studies suggest that measurable 
manifestations of suffering comprise (1) Physical symptoms such as chronic or acute 
pain, nausea, and dyspnea; (2) Psychological symptoms such as depressive sympto-
matology and anxiety; and (3) Spiritual well-being including inner harmony, meaning 
of life, and the extent to which people find comfort and strength in religious beliefs[54-
56].

Characteristics of the caregivers
For dementia caregivers, factors associated with depression risk include having a low 
income, spending more hours caregiving (40 to 79 h/wk compared to less than 40 
h/wk)[40], being female[41], having a spousal relationship[40,57], living with the 
patient[41,44,58], having poorer health status[44,58], and having a higher caregiver 
distress sensation[44,58,59]. It has been reported that approximately 80% of caregivers 
have some form of sleep disturbance. Poor sleep is independently associated with 
greater depressive symptoms[60].

Robinowitz et al[61] suggested that self-efficacy may be an important factor for 
recognizing caregiver depression risk. Measurements of self-efficacy in caregivers for 
dealing with memory decline and behavioral disturbances may be valuable to 
providers who may care for either or both dementia patients and caregivers. Caregiver 
self-efficacy relates to their conviction about his or her adaptive ability and skills to 
manage caregiving problems that may arise. Greater self-efficacy has been associated 
with better psychological and physical health outcomes in dementia caregivers, 
including decreased depression and anxiety[62].

It has also been suggested that social support and perceived caregiving competency 
are significant protective factors for caregiver depression[47].

The commitment to the caregiving role, leisure, and work was associated with the 
formation of guilt feelings. A higher commitment to the caregiving role has been 
reported to contribute to lower levels of guilt[63]. Higher levels of guilty feelings are 
related to lower levels of commitment to the caregiving role and to leisure and higher 
commitment to work. Feelings of guilt may have resulted in caregivers’ distress and 
depression[64].

Impact of cultural issues and values
In some regions and cultures around the globe, symptoms of dementia may be 
regarded as normal aging or even as a consequence of previous wrongdoing. It has 
also been reported that some South Asian regions tend to consider dementia an 
outcome of family conflict or impaired family support. On the other hand, African 
Americans, due in part to religious beliefs, are prone to rely more on prayer and 
reconstruction of difficult circumstances during challenging times. Dementia is also 
thought to be influenced by negative spiritual forces. Cultural factors may influence 
the conceptualization and help-seeking behaviors of patients with dementia and the 
caregivers that control their access to care. Indeed, cultural factors affect caregiver 
responses to the cognitive and noncognitive symptoms of dementia and the 
consequences of adherence or nonadherence to treatment recommendations[65].

Understanding caregiver stress has become an emerging, relevant cultural value
[66]. Based on the sociocultural stress and coping model[32], Losada et al[66] explained 
the association between cultural values and caregiving distress. Traditional beliefs 
about family obligations, such as the values systems of Asian and Latino/Hispanic 
regions, may result in psychological strain from a greater than average emphasis on 
the caregiving role and the encouragement to overlook one’s own needs and feelings. 
When caregivers feel stress about performing duties and their personal needs are 
ignored, avoidant coping styles may therefore arise. Avoidant coping strategies may 
be the mediating factor between familial obligations and cultural values toward 
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caregiver depression[67].
Youn et al[68] suggested that Korean and Korean American caregivers had higher 

levels of familism and burden than white American caregivers. It is indicated that first-
generation employed caregivers appear to have less flexibility and accommodations in 
their work environments and are more likely to leave their positions when performing 
caregiving roles than second-generation caregivers. Challenges in utilizing health care 
systems and language barriers are also higher within the groups of first-generation 
caregivers[69].

Factors associated with higher rates of dementia caregiver depression, as seen in the 
literature review, are listed in Table 1.

MANAGEMENT FOR CAREGIVER DEPRESSION
Regarding dementia patients, there are few effective interventions to slow and stop the 
progression of cognitive impairment. However, there are many interventions designed 
to treat BPSD and therefore alleviate caregiver burden. Multicomponent nonpharma-
cological treatments, including caregiver education and support, problem solving 
training, and assistance in comprehending and managing specific behavioral 
problems, have been suggested to be effective in treating behavioral disturbances and 
increasing the quality of life of patients with dementia and their caregivers[70].

Numerous studies have been designed to improve depression in dementia family 
caregivers. We summarized types of caregiver interventions that have been classified 
by psychoeducation[71-77], leisure and physical activity[37,78-80], counseling[81-90], 
cognitive-behavioral approaches[91-94], mindfulness-based interventions[95], and 
psychological and social support[96-99], as shown in Table 2. We also observed and 
highlighted interventions utilizing telephone and technologies to deliver nonface-to-
face management below.

Various interventions and key clinical content elements identified in the literature 
review are listed below in Table 2.

Psychoeducation
In this intervention, caregivers are educated on suitable skills to deal with caregiving 
requirements and stress using structured content and are often performed by small 
groups, including time for practice. The topics in these sessions usually comprise 
knowledge of dementia, learning to reserve time for self, enhancement of 
communication and interaction with family members, skills for managing BPSD, and 
related community services. More specialized topics, such as emotional management, 
thought and behavioral modification, and pleasant activity scheduling, may also be 
involved in some studies.

Leisure and physical activity
Daily pleasant experiences can create balance between “self-life” and caring for 
patients and help caregivers to maintain positive points of view while serving in the 
caregiving role. Leisure or physical activities may also serve to transform the 
caregivers’ negative experiences[37]. It is challenging to incorporate activities in the 
daily lives of caregivers for dementia patients because of their heavy workloads. 
Moreover, stressed individuals may diminish the skills to engage in positive 
interactions. The behavioral theory of depression interprets depression as a result of a 
series of negative reinforcements. Multiple factors create a downward spiral toward 
the further disruption of a healthy lifestyle and its biological rhythms and social 
activities, resulting in more severe depressive symptoms.

Counseling
Individual and family counseling is provided by trained providers to help caregivers 
manage stress and crises. This intervention is performed face to face or through 
telephone calls.

Psychotherapy and cognitive behavioral approaches
Psychotherapy and cognitive behavioral approaches are performed by trained health 
care providers to help caregivers manage stress and to treat distress and depression. 
These interventions are often used for caregivers with clinical depression or other 
significant mental health problems. They can be performed in individual or group 
circumstances.
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Table 1 Factors associated with increased depression in caregivers of patients with dementia in the literature

Dimension Less modifiable factors More modifiable factors

Patient Younger age, white and Hispanic ethnicity, less educational level, 
type of dementia (frontotemporal lobar degeneration and dementia 
with Lewy bodies)

More activities of daily living dependence, behavioral disturbances, 
higher levels of anosognosia, more physical and psychological 
suffering

Caregiver Low income, more hours spent caregiving, female sex, spousal 
relationship, living with the patient, poorer health status

Higher distress sensations, sleep disturbances, lower self-efficacy, 
lower levels of commitment to the caregiving role, guilty feelings

Cultural Familism, family obligation, language barriers Misunderstandings, coping style, less flexibility and 
accommodations in their work environments

Table 2 Types of intervention for dementia caregiver depression in the studies

Type of 
intervention Content of program

Psychoeducation Information about dementia and the different stages of dementia severity[71-73], understanding and managing behavioral problems
[71,73-76], problem-solving techniques[73], coping strategies for emotional problems[73-75], communication skills[71,73-75], crisis 
management[73], resource information[73], targeting pain and distress (mood problems, lack of engagement in activities)[74,75,77]

Leisure and 
physical activity

Education on how to monitor time spent in leisure activities[78,79], identification of enjoyable leisure activities[78,79], prioritizing 
activities[79], scheduling/participating in leisure activities[79], fostering physical activity[78], individualized goal setting[78], 
behavioral modification skill training, behavioral activation[37,80], increasing pleasant activities[37,79]

Counseling Care consultation[81-90], managing dementia symptoms[81,82,84,85,87,88], accessing community support services[81,82,86], 
telephone-based use of logbooks[83], information about dementia and legal issues and resources for social support[83,86]

Cognitive 
behavioral 
approaches

Cognitive reappraisal[91], controlling upsetting thoughts[27], enhancing self-efficacy[27,28], cognitive restructuring[92], assertive 
skills[92], relaxation[92], acceptance of aversive internal events and circumstances[92], choosing meaningful courses of action[92], 
telephone-based identification and expression of painful thoughts and emotions[93], managing painful emotions[93], accepting 
thoughts and emotions[93], redefinition of the relationship[92], reactivation of resources[93], adaptation to bereavement[93,94]

Mindfulness-based 
interventions

A range of practices with a focus on stress reduction, such as gentle mindful movement (awareness of the body), a body scan (to 
nurture awareness of the body region by region), and meditation (awareness of the breath)[95]

Psychological and 
social support

Providing information on formal social support[96,97], mutual sharing of emotions[96-98], creating an appropriate social network 
and home environment for the caregiver[96], support group participation[96], family role and strength rebuilding[99]

Mindfulness-based interventions
In this treatment model, caregivers are trained in mindfulness and meditation 
strategies with the basic purpose of concentrating on the present experience nonjudg-
mentally. Thoughts, emotions, and behaviors are observed without being judged as 
good or bad with a final aim of relieving suffering. Mindfulness-based interventions 
are based on acceptance, receptiveness of the current situation, and establishing a 
balanced coexistence with personal feelings and thoughts, instead of attempting 
change from the beginning. Mindfulness-based stress reduction is a widely used 
program that involves practices with a focus on stress reduction, including gentle 
mindful movement (awareness of the body), a body scan (to foster awareness of the 
body), and meditation (awareness of the breath)[100]. Dementia not only affects the 
person who suffers from it but also has an impact on the patients’ caregivers. 
Caregivers of dementia patients are groups that experience mindfulness problems[101] 
and symptoms of stress and depression.

Psychological and social support
The support group is characterized by a type of mutual helping that comprises a 
group of people to share experiences and deal with common problems. Studies have 
shown that support groups can be valuable resources to the families of dementia 
patients, and include care information and psychological support[99]. Several studies 
show that caregiver support groups are able to help individuals relieve the distress of 
caregiving and decrease depressive symptoms[102].

We divided factors associated with caregiver depression into three dimensions: 
patient, caregiver, and cultural background according to the literature and matched 
them with the treatment plan for each factor. The appropriate treatment content 
corresponding to each factor is listed for reference in Table 3. However, this table 
needs more clinical research for validation.
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Table 3 Interventions and modifications for caregiver depression in reviewed literature, classified and matched according to the 
associated factors and dimensions

Patient with dementia

Address physical care domain

Psychoeducation

Counseling

Environmental modification

Access to community resources

Relief pain

Address psychological domain

Psychoeducation

Cognitive Behavioral approaches

Strategies to treat and compensate cognitive deficits

Reality and insight enhancements

Address behavioral and psychological symptoms

Psychoeducation

Counseling

Pharmacological treatments 

Caregiver

Address distress sensation

Leisure and physical activity

Counseling

Mindfulness-Based Interventions

Psychological and social support

Address self-efficacy

Counseling

Cognitive Behavioral approaches

Communication skills

Behavioral management skills

Problem-solving techniques

Crisis management

Training on nursing care

Address commitment to caregiving role

Counseling

Psychological and social support

Address guilty feelings

Leisure and physical activity

Counseling

Cognitive Behavioral approaches

Psychological and social support

Address sleep problems

Leisure and physical activity

Cognitive Behavioral approaches
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Mindfulness-Based Interventions

Address coping strategies

Psychoeducation

Leisure and physical activity

Counseling

Psychological and social support

Coping with loss and grief

Address accommodations in work environment

Counseling

Psychological and social support

Key factors (listed in Table 1) considered include: (1) For patients: Activities of daily living dependence, behavioral disturbances, higher levels of 
anosognosia, physical, and psychological suffering; (2) For caregivers: Higher caregiver distress sensations, sleep disturbances, lower self-efficacy, lower 
levels of commitment to the caregiving role, guilty feelings; and (3) For cultural background: Coping style, less flexibility, and accommodations in their 
work environments.

DELIVERY OF TREATMENT FOR CAREGIVER DEPRESSION
Because of dementia caregiving duties or conflicts with other schedules, face-to-face 
interventions for caregivers are not practical in certain situations. Family caregivers 
may also have difficulties leaving the patient to participate in intervention activities in 
certain places. Furthermore, interventions for caregivers are possibly not available or 
difficult to participate in many communities around the world, such as rural or 
underdeveloped communities. Nonface-to-face interventions may also be practical in 
the current clinical environment with the coronavirus disease 2019 pandemic.

Telephone-based intervention
As dementia progresses, caregivers may become isolated and need a prolonged period 
of time to meet caregiving demands. This condition can make it difficult for them to 
leave their homes to seek support and resources through face-to-face interventions. To 
overcome these barriers, telephone-based interventions targeted to increase access-
ibility for caregivers are recommended. Telephone-based interventions have been 
demonstrated to promote the physical and mental health of caregivers[86,87]. 
Furthermore, telephone-based intervention is an alternative for caregivers for whom 
certain services are not available locally[89].

Telephone coaching also has the advantage of offering individualized recommend-
ations for the caregiver. This is not always possible in a group setting, such as a large 
educational group. In some crisis situations, caregivers wanted to meet face-to-face 
with their instructors for suggestions. Interventions combining telephone and video 
have been introduced and performed[103].

Technology-driven interventions
Interventions for depression using eHealth or Connected Health (CH) largely employ 
information and communication technologies for caregivers. These evaluations, 
interventions, and treatments are performed via the internet[104]. For instance, these 
interventions can be provided in the form of an online course on the computer. 
Healthcare providers can also utilize smartphone or tablet applications designed to 
provide newer information and psychological support from peers as well as profes-
sionals. The care model is assisted by technology, and all the associated disciplines 
involved in patient care can be communicated through a health portal that offers 
beneficial information between formal and informal caregivers. Additionally, some 
programs for technology-driven interventions use technologies such as body-worn 
and monitoring devices. Health care professionals can help informal caregivers 
monitor dementia patients’ health status using these devices. The devices can provide 
an event alert (such as a fall or other emergency event) and facilitate communication. 
Technology-driven models could provide a handy and lower cost intervention 
compared to traditional home care, supply a family caregiver with social interaction 
and emotional support and facilitate information exchange with other caregivers and 
professionals. It could also ameliorate the decision-making process for matters about 
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patient care[105]. The literature also suggests that dementia caregiver burden and 
stress could be reduced through technology-driven interventions[106]. At the same 
time, the self-efficacy and quality of life of caregivers will be improved by this type of 
intervention[105].

A study performed in Ireland[107,108] used a Connected Health Sustaining Home 
Stay Model for caring for patients with dementia and their caregivers. The purpose of 
the study was to (1) Assess the effectiveness of the platform in supporting caregivers 
at home; (2) Study the potential improvement of patients with dementia and their 
family caregivers’ mental and physical health; and (3) Investigate the platform’s 
usability and user experience. Another example is the system named the A Tech-
nology Platform for the Assisted Living of Dementia Elderly Individuals and their 
Carers[109]. It is a digital platform designed to offer support to the informal caregiver.

Case management
Patient-centered care planning is essential for case management. It includes identi-
fication and outreach, comprehensive individualized assessments, care planning, care 
coordination, service provisions, monitoring, evaluation and fulfilling individualized 
needs[110].

Due to the complexity of the symptoms of dementia, the model using a multidiscip-
linary approach and integrated working is beneficial in care for dementia patients. 
Case managers, nurses, psychiatrists, pharmacists, psychologists, occupational 
therapists, and social workers are all involved in decision making and supporting the 
caregivers living with people with dementia[111].

CONCLUSION
Overall, the prevalence of depression among dementia caregivers is higher than that 
seen in the general population. A structured way to study and verify associated factors 
and etiologies for caregivers’ depression is based on the stress coping model, which 
may then be expanded by adding relevant important variables. The activity restriction 
model in the mechanism of caregiver depression also provides an important 
theoretical basis for interventions and management, such as behavioral activation, 
leisure, and physical activities. There are many interventions used to manage caregiver 
depression in the literature, but after further reviewing the intervention methods, it 
was found that most recommended treatment plans incorporated multicomponent 
interventions.

The following points provide some perspective and a few suggestions to address 
currently unmet gaps in treatment adequacy for depression in caregivers of patients 
with dementia.

Understanding the clinical mechanisms of depression requires investigating 
psychosocial, physiological, and biological contributions. Is there a difference between 
depression in caregivers of dementia patients and the general population in imaging 
studies or in brain neuroendocrine studies? These questions need further exploration.

Most of the current research utilized psychosocial approaches. What should be 
further studied is whether there will be a meaningful improvement if the caregiver’s 
depression is also given pharmacological treatment such as antidepressants. Is there a 
difference in antidepressant efficacy between dementia caregivers and the general 
population? For individual depression symptoms, are there differences in the 
treatment response of these two groups?

Additionally, many current clinical studies available for review were based on 
cross-sectional research designs. The behavioral symptoms and daily life functions of 
dementia deteriorate over time. More long-term follow-up studies are needed to track 
whether the depressive symptoms of caregivers also change over time.

Dementia is known to occur in many different forms, each having different 
symptoms and disease courses. For instance, patients with vascular dementia have 
more obvious physical disabilities and often experience stepwise cognitive declines 
following each clinically diagnosed stroke event. Cognitive functioning in those with 
Alzheimer's disease degrades slowly, from instrumental ADL to the most basic ADL. 
Different types of dementia may very well have different impacts on the moods and 
daily lives of their caregivers.

Many clinical studies assessed the depression of caregivers by using self-rated scales 
or scales asking about subjective feelings as the main outcome. One such instrument is 
the Center for Epidemiologic Studies Depression Scale[112], whose reliability and 
validity have been proven. Maintaining reliability and validity is best assured by 
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objective evaluation by trained researchers. Two scales also recommended as 
appropriate evaluation tools are the Hamilton Depression Rating Scale[113] and the 
Montgomery–Asberg Depression Rating Scale[114].

The clinical problems of patients with dementia are individual and unique. The 
author believes that the formulation and implementation of individualized treatment 
plans are an important component of addressing dementia caregiver depression. 
Therefore, the case management model for people with dementia and their caregivers 
needs promotion and the opportunity to evolve to meet these populations’ needs.
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Abstract
Major depressive disorder is a debilitating disorder affecting millions of people 
each year. Brain-derived neurotrophic factor (BDNF) and inflammation are two 
prominent biologic risk factors in the pathogenesis of depression that have 
received considerable attention. Many clinical and animal studies have 
highlighted associations between low levels of BDNF or high levels of inflam-
matory markers and the development of behavioral symptoms of depression. 
However, less is known about potential interaction between BDNF and inflam-
mation, particularly within the central nervous system. Emerging evidence 
suggests that there is bidirectional regulation between these factors with 
important implications for the development of depressive symptoms and anti-
depressant response. Elevated levels of inflammatory mediators have been shown 
to reduce expression of BDNF, and BDNF may play an important negative 
regulatory role on inflammation within the brain. Understanding this interaction 
more fully within the context of neuropsychiatric disease is important for both 
developing a fuller understanding of biological pathogenesis of depression and 
for identifying novel therapeutic opportunities. Here we review these two 
prominent risk factors for depression with a particular focus on pathogenic 
implications of their interaction.
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Core Tip: Low levels of brain-derived neurotrophic factor (BDNF) and high inflam-
mation have both been implicated as risk factors in the pathogenesis of major 
depressive disorder. Here we review the role BDNF and inflammation play in the 
etiology of depression and the interaction between them. Recent evidence suggests a 
bidirectional connection between these two risk factors: inflammation reduces BDNF 
expression, and BDNF may have a negative regulatory role in resolving neuroinflam-
mation. Understanding of this interaction in the context of neuropsychiatric disease is 
important for a fuller understanding of biological pathogenesis of depression and for 
identifying novel therapeutic opportunities.
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INTRODUCTION
Research has made important advances in recent decades towards the understanding 
and treatment of major depressive disorder, a debilitating disorder with a hetero-
geneous range of symptoms. Despite these advancements, depression remains a 
leading cause of disability with an estimated 264 million individuals worldwide 
affected by the disorder[1]. In the United States, the economic burden of major 
depressive disorder is an estimated 210.5 billion dollar[2] with substantial lost 
productivity and diminished quality of life for affected patients and their families. 
Recent interest has turned to biomarker and genetic analysis to predict those who may 
be vulnerable to developing depression and to understand the etiology of patients’ 
existing diagnosis in order to better prevent and treat this debilitating disorder. Two 
notable biological risk factors for depression are of particular interest: A deficiency in 
brain-derived neurotrophic factor (BDNF) and inflammation. In this review, we will 
highlight the mechanisms by which these factors are known to contribute to the 
development of depression and summarize emerging evidence suggesting that 
interactions between these two factors within the brain are important in the 
pathogenesis of depression.

BRAIN DERIVED NEUROTROPHIC FACTOR
BDNF, a member of the neurotrophin family of growth factors, has been well-studied 
for its role in the pathogenesis of major depressive disorder and antidepressant 
efficacy. BDNF is a small protein expressed by the bdnf gene on chromosome 11 in 
humans[3]. Transcription of the bdnf gene is controlled by nine distinct promoters. The 
bdnf gene contains up to 11 exons; exons II, III, IV, and VII are brain-specific[4]. BDNF 
is first synthesized as the precursor pre-proBDNF in the endoplasmic reticulum. The 
pre- domain is cleaved off and proBDNF is transported to the Golgi apparatus. 
ProBDNF may be secreted in the precursor form or proteolytically cleaved intracel-
lularly or extracellularly to form mature BDNF (mBDNF)[5,6]. Both pro- and mature 
forms of the BDNF protein are neuroactive, though the activity of proBDNF and 
mBDNF have largely opposite effects. ProBDNF binds and activates the pan-
neurotrophin receptor p75NTR, a member of the tumor necrosis factor receptor family, 
promoting apoptosis[7]. mBDNF binds with high affinity to the tyrosine kinase 
receptor tropomycin receptor kinase B (TrkB).

When mature BDNF, or neurotrophins with lesser affinity for TrkB including 
neurotrophin-4 and neurotrophin-3, bind to the extracellular domain of TrkB, the 
intracellular domains of the receptor dimerize and autophosphorylate one of three 
tyrosine residues. Phosphorylation at each residue initiates a distinct signaling 
cascade: Ras-PI3K-Akt, Ras-MAP kinase-Erk, or phospholipase Cγ[8]. These signaling 
cascades activate transcription factors such as CREB, resulting in cell proliferation, cell 
survival, synaptogenesis, and memory formation (Figure 1).

https://creativecommons.org/Licenses/by-nc/4.0/
https://creativecommons.org/Licenses/by-nc/4.0/
https://creativecommons.org/Licenses/by-nc/4.0/
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Figure 1 Brain-derived neurotrophic factor signaling cascade diagram. When TrkB is activated by binding mature brain-derived neurotrophic factor 
(BDNF), the intracellular domains of the receptor dimerize and autophosphorylate one of three tyrosine residues. Phosphorylation at each residue initiates a distinct 
signaling cascade: Ras-PI3K-Akt, Ras-MAP kinase-Erk, or phospholipase Cγ. These signaling cascades activate transcription factor CREB, resulting in cell 
proliferation, cell survival, synaptogenesis, and memory formation. ProBDNF binds to pan-neurotrophin receptor P75NTR. P75NTR signaling activates transcription 
factor NFκB, leading to inflammation and apoptosis. BDNF: Brain-derived neurotrophic factor.

BDNF and TrkB are expressed both peripherally and within the central nervous 
system. In the periphery, BDNF has been detected in the heart and spleen[9], 
expressed by myoblasts[10], dorsal root ganglion cells[11], vascular endothelial cells
[12], leukocytes[13] and is stored in platelets[14]. In the brain, BDNF is expressed by 
neurons, astrocytes[15], and microglia[16]. BDNF is highly expressed in the 
hippocampus and is found in lower concentrations in the cerebral cortex and 
brainstem[17]. TrkB is expressed in neurons, microglia, and astrocytes throughout the 
brain[18,19].

A number of factors may modulate BDNF expression or function. Prenatal, early 
life, social, and unpredictable stress are all associated with reduced BDNF expression 
or protein levels[20]. Exercise increases BDNF expression[21] and environmental 
enrichment protects against the effects of stress and early life inflammation on BDNF 
expression[22,23]. BDNF levels may also decline with age[24,25] and low BDNF levels 
are associated with age-related neurodegenerative disorders such as Alzheimer’s and 
Parkinson’s disease[26,27]. However, some studies suggest BDNF expression does not 
change with age[28,29].

While a number of genetic factors may contribute to a reduction of BDNF 
expression or function[30-33], the val66met mutation has garnered considerable 
attention due to its relevance in psychiatric conditions like bi-polar disorder and 
suicidality[34,35]. The single nucleotide polymorphism (SNP; rs6265) at nucleotide 196 
(G/A) occurs on the 5’ pro-BDNF sequence, producing a valine to methionine substi-
tution within codon 66. This SNP does not appear to alter BDNF expression or 
biological activity, but impairs translocation and activity-dependent secretion[36], thus 
reducing BDNF- TrkB signaling. The val66met SNP is also associated with reduced 
serum BDNF protein levels in the periphery[37].
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BDNF IN DEPRESSION
The negative correlation between BDNF levels and symptoms of depression have been 
well established; researchers have been interested in BDNF as a biomarker for 
depression for decades[38-40]. Clinical data has often demonstrated that patients 
suffering from major depression disorder are more likely to have alterations in their 
BDNF-TrkB signaling activity. Numerous studies have found that depressed or 
suicidal patients have lower BDNF levels than healthy controls[41-48]. Keller et al[30] 
found that suicide victims were more likely to have DNA methylation in the BDNF 
promotor/exon IV compared to control subjects, suggesting a link between epigenetic 
down-regulation of BDNF and suicidal behavior. Further, psychosocial stress, a 
known precursor to depression and anxiety, reduces BDNF levels[20].

Genetic analysis reveals several polymorphisms that are associated with suscept-
ibility to developing depression or suicide, such as rs12273363, rs7124442, rs10767664, 
rs962369, rs908867[31,33]. Of these polymorphisms, the rs6265 SNP known as 
val66met has been most extensively studied in psychiatric conditions. Some studies 
suggest that individuals carrying the val66met polymorphism are more vulnerable to 
developing depression[37,49-52], suicidality[53,54], or to be nonresponsive to antide-
pressant treatment[55]. However, others dispute this association[55-60]. The val66met 
polymorphism has been linked to depression in breast cancer patients/survivors[61,
62], but also appears to be protective against chemotherapy-associated cognitive 
impairments in breast cancer patients[63]. The mixed findings pertaining to association 
between the val66met SNP and psychiatric disorders suggest that the mutation alone 
is likely not sufficient to cause pathology. Rather it is a risk factor that interacts with 
other genetic or environmental factors to contribute to pathogenesis of depression or 
depressive symptoms.

Clinical studies investigating BDNF have been limited to measuring BDNF in the 
blood or cerebral spinal fluid, direct measurement of mRNA or protein in the brain 
being only available in post-mortem tissue samples. However, BDNF does cross the 
blood-brain barrier (BBB)[64], and Karege et al[65] found that brain and serum levels of 
BDNF are positively correlated in rats. For this reason, measuring peripheral BDNF 
levels are a feasible indicator of central BDNF expression. Moreover, there is a 
negative correlation between serum BDNF stored in platelets and depression in 
humans[66]. BDNF release from platelets may be impaired in depressed patients[67] 
while antidepressants increase BDNF release from platelets[68], suggesting platelet-
derived BDNF is a contributing factor to the interaction between peripheral BDNF 
levels and depression.

Recent preclinical studies revealed that mice heterozygous for the BDNF allele, 
which reduces BDNF levels within the brain by about half[69], are susceptible to 
depressive-like phenotypes after a challenge such as mild stress or acute inflammation
[70,71,201]. Direct infusion of BDNF into the rodent brain[72,73] and periphery[74] is 
protective against the behavioral consequences of stress in the forced swim test and 
learned helplessness models of depressive-like despair behavior. Further, manipu-
lation of the BDNF-TrkB signaling activity through TrkB agonist 7,8-dihydroxyflavone 
(DHF)[75] reduces depressive-like behavioral changes induced by social defeat stress
[76] and acute inflammation[77]. Many antidepressant treatments increase levels of 
circulating BDNF[46,68,78-84]. In the brain, anti-depressant treatment induces BDNF 
mRNA expression in neurons[85], astrocytes[86-88], and microglia[88]. Up-regulation 
of BDNF may be necessary for the anti-depressant response[89-93].

INFLAMMATION IN THE PERIPHERY AND THE BRAIN
As suggested above, dysregulation in the BDNF-TrkB system may not be a patholo-
gical factor that acts alone, rather perturbation within this neurotrophic factor 
expression/signaling may engender a foundation of vulnerability to subsequent 
insults to increase the risk of depression or lead to pathology (Figure 2). Inflammation 
is one risk factor that may well fit this profile.

The ancient Roman encyclopedist Celcus defined inflammation by the presence of 
“rubor, calor, dolor, tumor”, or redness, heat, pain, and swelling. Modern scientists 
have a deeper understanding of inflammation as a consequence of the innate immune 
system’s activation in response to an irritant or loss of homeostatic control due to 
factors such as stress, obesity, and aging. Acute inflammation occurs when a tissue 
injury, pathogen, or noxious stimuli is detected. Leukocytes travel to the impacted 
region to remove the stimuli and repair damage. Chronic inflammation is a persistent 



Porter GA et al. BDNF and inflammation in depression

WJP https://www.wjgnet.com 81 January 19, 2022 Volume 12 Issue 1

Figure 2 Hypothesis diagram. Brain-derived neurotrophic factor (BDNF) deficiency and elevated or chronic neuroinflammation independently confer vulnerability 
to development of major depressive disorder. BDNF plays a negative regulatory role in resolving neuroinflammation, and high inflammation reduces BDNF 
expression. BDNF: Brain-derived neurotrophic factor. BDNF: Brain-derived neurotrophic factor.

and maladaptive response that can be caused by many factors, such as chronic somatic 
diseases, advancing age, obesity, smoking, and high fat diets. In addition to 
contributing directly to risk of depression, chronic inflammation may lead to chronic 
illnesses such as allergies, arthritis, and autoimmune disease that also have high 
comorbidity with depression.

Invading pathogens or signals released by damaged cells are detected by toll-like 
receptors (TLR) in the plasma membrane of innate immune cells. TLRs are classified as 
pattern recognition receptors (PRRs). PRRs recognize and bind pathogen-associated 
molecular patterns (PAMPs)[94], such as lipopolysaccharide (LPS) on the gram-
negative bacterial cell wall, or damage-associated molecular patterns (DAMPs) in a 
pathogen-independent process known as “sterile inflammation”. Activation of TLRs 
initiate an intracellular signaling cascade, activating the transcription factor NFκB, 
causing up-regulation of pro-inflammatory mediators including cytokines, 
chemokines, cellular adhesion molecules[95], and downstream induction of reactive 
oxygen species[96]. Of these mediators, macrophage-derived TNFα, IL-1β, IL-6, and 
IL-10 have received extensive attention due their roles in regulating the immune 
system and their effects on the body[97].

Inflammation as a function of the immune response is necessary to protect the life of 
the organism. Recently, intentional induction of inflammation has been wielded as a 
promising tool against cancer as immunotherapy[98]. However, numerous studies 
have shown prolonged and elevated immune activation has significant impacts on 
physiological, metabolic, and neural/behavioral processes. The effects of peripheral 
inflammation or immune challenge do not remain in the periphery; inflammatory 
conditions impact the CNS through several possible mechanisms. The BBB created by 
the tight junctions of brain endothelium restricts diffusion of pathogens and non-select 
solutes from the blood into the brain. Peripheral inflammation may disrupt this 
boundary, increasing the permeability of the BBB and allowing infiltration by 
circulating monocytes, cytokines, and other substances[99,100]. Cytokines and 
monocytes attracted by the expression of chemokines such as monocyte chemoat-
tractant protein 1 will travel to the brain and enter through leaky regions of the BBB or 
through active transport systems. Peripheral cytokines, PAMPs, and DAMPs can also 
impact brain homeostasis by signaling through the vagus nerve[101] or by signaling 
through PRRs on the BBB endothelial cells[102,103]. These inflammatory signaling 
pathways across the BBB initiate the neuroinflammatory response within the brain.

Numerous animal studies have demonstrated that microglia, the resident immune 
cell in the brain, adopt an “activated” phenotype following peripheral inflammation 
induced by LPS and live or heat-killed pathogens[100]. In their resting state, microglia 
are “ramified” with small somas and long highly branched processes. Once microglia 
detect an immune challenge, their morphology shifts toward an “amoeboid” shape 
with enlarged soma and shorter, thicker processes. Microglia are the primary source 
for brain-borne cytokines and other inflammatory mediators.

In addition to producing cytokines, inflammatory microglia also synthesize 
metabolites of the tryptophan-kynurenine pathway associated with oxidative stress. 
Tryptophan is converted to kynurenine by the enzyme indolamine-2,3 dioxygenase. 
Kynurenine metabolism then splits into distinct branches: Kyurenic acid, a metabolite 
with NMDA receptor antagonist activity, is produced in astrocytes by the enzyme 
kynurenine aminotransferase, while the enzyme kynurenine monooxygenase (KMO) 
produces 3-hydroxykynurenine (3-HK) in microglia (Figure 3). 3-HK is further 
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Figure 3 Inflammation shifts kynurenine metabolism pathway towards oxidative stress-associated metabolites. The enzyme indolamine-2,3-
dioxygenase (IDO) converts tryptophan to kynurenine. Kynurenine aminotransferase converts kynurenine to kynureninic acid in astrocytes while kynurenine 
monooxygenase (KMO) metabolizes kynurenine to 3-hyroxykynurenine (3-HK) in microglia. 3-HK is metabolized by kynureninase to 3-hydroxyanthranilic acid and 3-
hydroxyanthranilic acid dioxygenase to quinolinic acid. Inflammation up-regulates the enzymes IDO and KMO, resulting in increased levels of KMO-dependent 
metabolites associated with oxidative stress and depression. IDO: Indolamine-2,3-dioxygenase; KAT: Kynurenine aminotransferase; KMO: Kynurenine 
monooxygenase; 3-HK: 3-hyroxykynurenine; KYNU: Kynureninase; HAAO: 3-hydroxyanthranilic acid dioxygenase; QA: Quinolinic acid.

metabolized by the enzyme 3-hydroxyanthranilate 3,4-dioxygenase (HAAO) into the 
neuroactive NMDA receptor agonist quinolinic acid (QA). 3-HK and QA are also free 
radical inducers and are necessary for the development of inflammation-induced 
development of depressive-like phenotypes[104], described below.

NEUROINFLAMMATION IN DEPRESSION
Symptoms of typical “sickness behaviors” which cease upon recovery – fatigue, loss of 
appetite, pain sensitivity, anhedonia, cognitive deficits, social withdrawal – have 
significant overlap with symptoms of major depressive disorder[105]. In fact, a subset 
of patients with chronic inflammatory diseases will suffer from longer-lasting 
symptoms of depression[106]. Individuals suffering from depression but who are 
otherwise medically healthy often have higher baseline levels of circulating pro-
inflammatory mediators, particularly TNFα and IL-6[82,107-110]. Some anti-
depressant treatments may reduce neuroinflammation[111,112], but most studies 
suggest that conventional antidepressants have reduced efficacy in depressed patients 
who have high inflammation. Conversely, while direct TNFα inhibition was ineffective 
as an anti-depressant in treatment resistant depression patients with low-moderate 
CRP levels, it was quite effective in treatment resistant patients with high inflam-
mation[113]. This finding underscores the notion that anti-depressant treatment 
decisions and efficacy may be improved by integrating understanding of a patient’s 
inflammatory status. At the cellular/molecular level, post-mortem studies indicate 
that microglia density in the dorsolateral prefrontal cortex, anterior cingulate cortex, 
and mediodorsal thalamus[114,115], expression levels of IL-1β, IL-6, and TNFα in the 
prefrontal cortex[116,117] and blood[118], and production of QA in the ACC[119] is 
significantly higher in suicide victims compared to non-suicide controls. Further, anti-
depressants with secondary anti-inflammatory properties are more effective in 
treatment-resistant patients with high baseline levels of inflammatory markers IL-6 
and C-reactive protein[120]. These studies suggest a strong association between 
inflammation and the development of depression.
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Inflammation on its own may be sufficient to promote the development of 
depressive symptoms. Subsets of patients report feelings of depression following 
cytokine treatment for hepatitis or cancer[121,122]. Experimental treatment with 
endotoxin[123] or Salmonella typhi vaccine in healthy subjects similarly induced 
symptoms of depression and anxiety alongside acute inflammation[124] and increased 
kynurenine pathway metabolism. Numerous rodent studies have likewise demons-
trated that inflammation can induce depressive-like phenotypes[125].

Inflammation can arise from multiple sources and events. In humans and rodents, 
acute and chronic stress is known to promote activation of the innate immune system
[126,127] and induce microglial activation[115,128]. Psychological stress, a frequent 
trigger for depression and suicidality in humans, is commonly modeled in rodents 
using acute or chronic stressors such as social defeat, restraint, or home cage 
disruption. You et al[129] found that rats exposed to chronic mild stress have elevated 
central and peripheral pro-inflammatory cytokines, reduced neurogenesis in the 
hippocampus, and display anhedonia-like behavior as measured by the sucrose 
preference test. Hodes et al[109] found that mice with higher baseline levels of 
circulating IL-6 are more susceptible to developing depressive-like behavioral 
phenotypes after chronic social stress; IL-6-/- mice were resilient to the effects of social 
stress. Aging similarly increases vulnerability to neuroinflammation and subsequent 
depressive-like behaviors. Peripheral LPS treatment promotes a more robust inflam-
matory responses and sickness behavior in aged mice compared to young adults[130,
131]. Culley et al[132] found that LPS increases pro-inflammatory cytokine expression 
in the prefrontal cortex and impairments in prefrontal cortex-dependent cognition in 
aged rats. Inflammation associated with obesity[133] and alcohol consumption[134] 
have similarly been shown to induce depressive symptoms and behaviors in humans 
and animals.

Researchers have extensively studied depressive-like behavioral changes induced 
by peripheral immune challenge in rodents[125]. The viral mimetic Poly:IC, attenuated 
bacterial strain Bacillus Calmette-Guerin (BCG), and LPS are common models used to 
induce chronic or acute innate immune activation in animal models. Poly:IC increases 
expression of IL-1β, TNFα, and CD11b and elevates kynurenine levels in the rat brain, 
followed by a reduction in saccharin preference up to 72 h after treatment[135]. BCG 
inoculation induces chronic inflammation, up-regulates TNFα, INFy, and the 
tryptophan-kynurenine enzymes IDO and HAAO, and drives despair-like behavior 
measured by immobility in forced swim test and tail suspension test one week after 
infection[136,137]. LPS treatment models acute inflammation: Pro-inflammatory 
cytokine up-regulation and sickness behaviors resolve within 24 h after adminis-
tration. Once motor activity and food intake is restored at 24 h, mice continue to 
display anhedonia-like, despair-like, and anxiety-like behavior[131,138,139]. Anti-
inflammatory compounds ameliorate the depressive-like behaviors after LPS[138,140-
144]. Moreover, many of these effects appear to be dependent on neurotoxic kynure-
nine metabolism. Inhibition of, or targeted deletion of, the gene for the rate-limiting 
enzyme IDO prevents development of LPS- and BCG-induced depressive-like 
behaviors, despite the elevation of pro-inflammatory cytokines[136,145,146]. KMO-/- 
and HAAO-/- mice are likewise are protected against many of the depressive-like 
behavioral effects of LPS, while direct administration of 3-HK provokes immobility in 
the tail suspension test and hippocampal-dependent cognitive impairment in the y-
maze without an increase in pro-inflammatory cytokines[147], suggesting a causative 
role of downstream metabolites 3-HK and QA.

However, of the total human population that is exposed to high levels of inflam-
mation, only a relatively small subset goes on to develop symptoms of major 
depressive disorder. For this reason, researchers have lately turned to investigating the 
environmental and genetic risk factors that contribute to a patient’s vulnerability to 
developing depression. Recent research has revealed a role for BDNF in modulating 
the effects of neuroinflammation in a psychiatric context. A deficiency in BDNF may 
prime the system to develop neuropsychiatric symptoms in a maladaptive response to 
neuroinflammation-induced sickness behavior (Figure 2).

PATHOGENIC TUG OF WAR?
Mounting evidence has revealed negative correlations between BDNF and neuroin-
flammation, particularly in psychiatric populations[148,149]. Depression is frequently 
comorbid with chronic inflammatory conditions, and BDNF deficiency has been 
identified as a risk factor. Breast cancer survivors are more likely to suffer from inflam-
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mation-associated depression if they carry the Met allele in the val66met SNP[62]. 
BDNF expression is reduced in animals models and patients with rheumatoid arthritis, 
a disease characterized by chronic inflammation, and associated with major depressive 
disorders[150]. In Hepatitis C patients undergoing IFNα therapy, elevated cytokine 
levels are predictive of lower BDNF levels, and both BDNF and cytokine expression 
are associated with depressive symptoms[151]. Uint et al[152] found that elevated 
levels of both IL-1β and BDNF were predictive of treatment-resistant depression, but 
posited that this relationship may be due to the patients’ long-term use of anti-
depressant medications buoying their BDNF levels. Treating rats with viral mimetic 
Poly:IC increases expression of IL-1β, TNFα, IL-6, and CD11b and decreases BDNF and 
TrkB in the frontal cortex and hippocampus and reduces saccharin preference 
(anhedonia-like behavior)[135].

Numerous anti-inflammatory treatments have shown promising effects in allevi-
ating depressive-like symptoms and increasing BDNF. Clinically, zinc monotherapy 
decreases depressive symptoms and increases BDNF in obese subjects[153]. In pre-
clinical studies, insulin-like growth factor-1[81] and drugs such as resveratrol[140,
154], imipramine[89,144], doxycycline[144], fluoxetine[155], etazolate[156], chaihu-
shugan-san[157], dihydromyricetin[158], minocycline[159], ketamine[160], and caffeine
[161] all inhibit inflammation, increase BDNF, and improve depressive-like behavioral 
phenotypes.

BDNF activity likewise appears to impact stress or inflammation-induced 
depression. Mice with genetically reduced baseline levels of BDNF (BDNF+/- mice) 
develop an exaggerated neuroinflammatory and anhedonia-like response to 
peripheral LPS challenge compared to wild-type controls[201] and increased despair-
like behavior in the forced swim test after acute mild stress[71]. Both the TrkB agonist 
DHF and the TrkB antagonist ANA-12 are anti-depressant in mice treated with LPS, 
likely due to opposing effects of BDNF-TrkB activity between the hippocampus and 
nucleus accumbens[77]. INFα therapy patients with the Val66Met polymorphism 
display symptoms of suicidal ideation and depression compared to those with the Val 
allele[162]. Mice with the humanized val66met polymorphism (Val/Met mice) are 
more sensitive to LPS-induced depressive-like behaviors than Val/Val mice and 
exhibit microglia with an already primed morphology (unpublished data).

Additionally, investigating the interaction between BDNF-TrkB system and inflam-
mation may be relevant for addressing the sex differences in the presentation of 
depression. Women report experiencing depression at up to twice the rate of men. 
BDNF is expressed differentially in various regions of the CNS between males and 
females and environmental conditions modulate BDNF expression differentially 
between males and females, although circulating levels of peripheral BDNF appear 
consistent between sexes[163]. Female BDNF conditional KO mice display more 
depressive-like behaviors and attenuated anti-depressant response than male BDNF 
conditional KO mice[164]. Women may also be more vulnerable to developing inflam-
mation-induced depression. Females tend to have higher baseline levels of inflam-
mation than males[165] and have a larger pro-inflammatory and depressive response 
to endotoxin exposure[166]. In the brain, while male microglia appear to be more 
reactive early in life than female microglia, female microglia may be reactive and 
inflammatory later in life, when neuropsychiatric disorders tend to manifest[167]. 
Estrogen may also play a role: Rodent models of estrogen deficiency results in 
increased depressive-like behaviors, pro-inflammatory cytokine expression, and 
increased levels of kynurenine pathway enzyme IDO in the hippocampus[168]. There 
is also evidence that estrogen regulates expression of BDNF and that the estrogen 
receptor may be necessary for the protective effects of TrkB activation[163]. These 
findings suggest the relationship between BDNF, inflammation, and sex warrants 
further investigation.

BDNF AND NEUROINFLAMMATION: BI-DIRECTIONAL MODULATION
Mounting evidence suggests that the connection between BDNF expression and 
neuroinflammation regulation is bi-directional in nature (Figure 2). Interestingly, 
Gomes et al[169] found in vitro that microglia acutely increase extracellular secretion of 
BDNF in response to LPS, leading to reduced intracellular levels of BDNF. Cultured 
human monocyte cells constitutively secrete BDNF, and BDNF secretion is increased 
when monocytes are stimulated by TNFα or IL-6, although no change in BDNF mRNA 
was detected[170]. Astrocytes likewise express BDNF when stimulated by TNFα[15] 
and increase expression of BDNF, TNFα, and IL-6 after LPS treatment[171]. BDNF 
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regulates proliferation and survival of microglia[172]. This acutely elevated BDNF 
secretion may be necessary for microglia proliferation and activation after immune 
challenge[173].

Alternatively, increased BDNF secretion may be a means of inhibitory feedback, as 
BDNF dampens microglial activation. In spinal cord injury, locally applied BDNF 
reduces microglial density and inhibits free radical production around injury site
[174]. Exogenous BDNF infusion dampens microglial activation by LPS in the 
substantia nigra in aged mice[175]. In a mouse model of Type I diabetes, overex-
pressing BDNF in the hippocampus suppressed microglial activation and expression 
of TNFα and IL-6 induced by hyperglycemia[176]. Further, hypermethylation of BDNF 
is associated with higher levels of serum IL-6 in patients with acute coronary 
syndrome[177]. Exogenous BDNF administration significantly decreases TNFα and 
increases expression of the anti-inflammatory cytokine IL-10 in rodent models of 
stroke, multiple sclerosis, and pneumococcal meningitis[178-181]. Along this line, 
BDNF+/- mice have reduced expression of IL-10 and kynurenic acid levels while 3-HK 
is increased in the brain compared to wild-type controls following chronic mild stress
[182]. After LPS treatment, BDNF+/- mice have increased expression of pro-inflam-
matory cytokines IL-1β and TNFα and elevated levels of kynurenine and QA[201]. 
Reduced BDNF after viral mimetic poly:IC treatment is likewise accompanied by a 
shift in the tryptophan/kynurenine ratio[135]. In vitro studies in BV2 microglia by 
Park et al[183] have demonstrated that TrkB activation by the agonist DHF inhibits 
production of nitric oxide, TNFα, and IL-1β, and translocation and transcriptional 
activity of NFκB. These data suggest a role for BDNF-TrkB activity in modulating and 
resolving the neuroinflammatory response to immune challenge with implications for 
the development of the depressive-like behavioral phenotypes (Figure 4).

While BDNF secretion may be acutely increased after immune challenge, long-term 
BDNF expression is hindered in an inflammatory environment. Patients undergoing 
INFα treatment have significantly reduced BDNF levels[151,162], and Lotrich et al[162] 
found this effect was largest in those with the Val66Met genotype. In rodents, BDNF 
mRNA is significantly reduced after peripheral injection of LPS in the hippocampus
[184,185], substantia nigra[186], and in the whole brain[161]. Similarly, poly I:C also 
reduces BDNF expression in the brain[135] and E. coli treatment down-regulated 
BDNF and reduced levels of phosphorylated TrkB receptors in the hippocampus of 
aged animals[187].

Down-regulation of BDNF may be driven by the pro-inflammatory cytokines IL-1β. 
In vitro experiments have shown that IL-1β treatment inhibits the neuroprotective 
effects of BDNF through the PI3-K and MAPK pathways and activity of the CREB 
transcription factor[188]. In rodents, exogenous IL-1β treatment blocks BDNF 
expression in the hippocampus[189-191], and while BDNF expression was not directly 
measured, chronic inflammation induced by BCG reduces neurogenesis[192] which is 
a BDNF-TrkB dependent process and correlate of anti-depressant efficacy.

THERAPEUTIC IMPLICATIONS
BDNF as a treatment target for inflammation-associated depression has its challenges. 
While BDNF and TrkB ligands do cross the b BBB[64,193], BDNF has opposing effects 
in different cell types and brain regions. For example, LPS treatment down-regulates 
BDNF in the hippocampus but up-regulates BDNF in the nucleus accumbens[77]. 
BDNF and TrkB agonists have anti-depressant-like effects in the hippocampus, but 
pro-depressive-like effects in the nucleus accumbens; inhibiting TrkB activation is anti-
depressant in the nucleus accumbens[77]. Further, peripheral infusion of BDNF 
induces hyperalgesia[194] which, together with differential regionally-distinct CNS 
effects, precludes the therapeutic utility of systemic BDNF infusion and flooding the 
CNS with BDNF or TrkB ligands. However, intranasal ketamine, which was recently 
approved for anti-depressant use, activates BDNF-TrkB signaling directly in the brain, 
suggesting that therapeutic strategies that deliver BDNF-TrkB modulators directly to 
target regions within the CNS could prove efficacious.

Peripheral levels of BDNF and inflammatory markers may be useful as biomarkers 
for treatment-resistant depression, although this approach also is not without 
challenge. An ideal biomarker of risk or diagnosis should be reliably sensitive to 
predicting the disease in an asymptomatic individual and be specific to the disorder in 
question with little to no overlap with other diseases[195]. While low BDNF and high 
inflammation markers are frequently measured together in depressed individuals, 
there are many individuals who meet criteria but report no symptoms of depression, 
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Figure 4 Brain-derived neurotrophic factor deficiency impairs resolution of microglial inflammatory phenotypes. Brain-derived neurotrophic 
factor (BDNF) levels are altered by genetics and environmental circumstances. Reduced levels of BDNF impair microglia regulation after inflammation. Hyper-active 
microglia contribute to blood-brain barrier disruption and express higher levels of pro-inflammatory cytokines and kynurenine metabolism pathway enzymes. 
Individuals with hyper-active microglia are vulnerable to developing symptoms of depression after inflammatory challenge. BDNF: Brain-derived neurotrophic factor.

or become depressed without diverging from average serum levels of each marker. 
Additionally, low peripheral BDNF and elevated inflammatory markers are reported 
in other neurodegenerative or neuropsychiatric disorders, including Parkinson’s 
disease, bi-polar disorder, and schizophrenia[196-198]. Epigenetic patterns that disrupt 
inflammatory homeostasis or functional immunoreactivity of circulating immune cells 
may provide better prognostic value in predicting vulnerability.

Despite the obstacles, the association between BDNF and inflammation may have 
utility in deciding treatment options for depressed patients. Patients with inflam-
mation and dysregulation of their BDNF-TrkB system may respond better to anti-
depressant drugs with known anti-inflammatory properties, or anti-inflammatory 
drugs that incidentally have anti-depressant actions, and are able to elevate BDNF 
levels. Further mechanistic investigations of the interaction between BDNF expression 
and secretion and pro-inflammatory microglial responses may illuminate potentials 
targets for novel anti-depressant medication. One emerging approach that has yielded 
positive results in neurodegenerative disease is to use genetically modified 
hematopoietic stem cells that express growth factor and traffic specifically to the areas 
of the brain where pathology occurs[199,200]. While this approach has not yet been 
tested, it could be viable in cases of severe treatment-resistant depression.

CONCLUSION
Researchers have long recognized BDNF and neuroinflammation as key players in the 
development of neuropsychiatric conditions, notably major depressive disorder. 
Recent research has uncovered bi-directional modulation between these two risk 
factors in the development of depression with promising implications for predicting 
vulnerability to and treatment of depression. Future studies exploring the mechanisms 
of BDNF modulation by inflammatory signals, and the anti-inflammatory effects of 
BDNF in the brain, will provide greater insight into the complex pathogenesis of 
depression and other neuropsychiatric disorders.
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Abstract
The pathogenesis of temporal lobe epilepsy (TLE) was originally considered to be 
acquired. However, some reports showed that TLE was clustered in some 
families, indicating a genetic etiology. With the popularity of genetic testing 
technology, eleven different types of familial TLE (FTLE), including ETL1-ETL11, 
have been reported, of which ETL9-ETL11 had not yet been included in the 
OMIM database. These types of FTLE were caused by different genes/Loci and 
had distinct characteristics. ETL1, ETL7 and ETL10 were characterized by 
auditory, visual and aphasia seizures, leading to the diagnosis of familial lateral 
TLE. ETL2, ETL3 and ETL6 showed prominent autonomic symptom and 
automatism with or without hippocampal abnormalities, indicating a mesial 
temporal origin. Febrile seizures were common in FTLEs such as ETL2, ETL5, 
ETL6 and ETL11. ETL4 was diagnosed as occipitotemporal lobe epilepsy with a 
high incidence of migraine and visual aura. Considering the diversity and 
complexity of the symptoms of TLE, neurologists enquiring about the family 
history of epilepsy should ask whether the relatives of the proband had experi-
enced unnoticeable seizures and whether there is a family history of other 
neurological diseases carefully. Most FTLE patients had a good prognosis with or 
without anti-seizure medication treatment, with the exception of patients with 
heterozygous mutations of the CPA6 gene. The pathogenic mechanism was 
diverse among these genes and spans disturbances of neuron development, differ-
entiation and synaptic signaling. In this article, we describe the research progress 
on eleven different types of FTLE. The precise molecular typing of FTLE would 
facilitate the diagnosis and treatment of FTLE and genetic counseling for this 
disorder.
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Core Tip: Eleven types of familial temporal lobe epilepsy (FTLE) caused by single gene 
mutations or specific gene loci had been identified to date. The phenotype of FTLE 
was heterogenous and includes typical temporal lobe seizures and specific symptoms. 
We herein describe the etiology, inheritance, phenotype and prognosis of each type of 
FTLE and summarize their similarities and differences.
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URL: https://www.wjgnet.com/2220-3206/full/v12/i1/98.htm
DOI: https://dx.doi.org/10.5498/wjp.v12.i1.98

INTRODUCTION
Epilepsy is a disorder of the brain characterized by an enduring predisposition to 
generate two unprovoked seizures > 24 h apart[1]. Epilepsy could be classified as 
focal, generalized, combined generalized and focal, and unknown according to the 
origin of the seizures[2]. Epilepsy affected approximately 50 million people 
worldwide, among which up to 60%-70% of affected individuals had focal epilepsy[3,
4]. Epilepsy and its comorbidities, such as memory and psychiatric disorders, severely 
lower the quality of life of patients[5]. Temporal lobe epilepsy (TLE), including mesial 
TLE (MTLE) and lateral TLE (LTLE), was the most common type of focal epilepsy, 
especially in adults[6]. The causes of TLE were heterogeneous, and the overall 
prognosis of TLE was far from satisfactory[7].

The first description of an instance of familial TLE (FTLE) could be traced back to 
1895, before TLE had been defined[8,9]. In 1994, Berkovic et al[10] provided the first 
report of familial TLE, in which four individuals in two generations were diagnosed 
with TLE. The family aggregation of TLE indicated a genetic etiology. Although the 
characteristics of TLE had been extensively studied, the genetic etiology of TLE 
remains unclear, and the incidence of FTLE were severely underestimated due to the 
high rates of misdiagnosis and missed diagnosis in individuals with subtle symptoms
[11]. Leucine-rich glioma inactivated-1 (LGI1) mutations was identified in approx-
imately 50% of families with LTLE and 3% of sporadic LTLE cases[12,13]. Those 
findings had led to the hypothesis that LTLE was commonly caused by gene 
mutations and promoted the exploration of the genetic causes of LTLE[14]. Seventy 
percent of MTLE cases were considered to be caused by hippocampal sclerosis (HS) 
and was drug-refractory[15]. Most patients with drug-refractory MTLE had to 
undergo costly surgery, although 30% of such patients experience relapse within two 
years[16]. Many reports had shown that HS and MTLE were inheritable[17,18]. The 
mechanism seemed polygenic and was affected by multiple factors[19]. Further 
exploration of the underlying pathogenic genes and molecular mechanisms was 
critical for precision medicine.

Eleven genes/Loci responsible for FTLE have been reported to date (Table 1), 
including the genes LGI1, carboxypeptidase A6 (CPA6), reelin (RELN), galanin and 
GMAP prepropeptide (GAL), DEP domain containing 5 (DEPDC5), microtubule 
associated monooxygenase, calponin and LIM domain containing 1 (MICAL-1) and 
sodium voltage-gated channel alpha subunit 1 (SCN1A), along with gene loci on 
chromosomes (Chr) 12q22-q23.3, 4q13.2-q21.3, 9q21-q22, and 3q25-q26. These genes 
were involved in different biological processes. In this article, we describe the research 
progress on eleven types of FTLE, ETL1-ETL11, caused by these genes/Loci, of which 
ETL9-ETL11 had not yet been recorded in the OMIM database.

ETL1, RELATED TO LGI1 GENE MUTATION
ETL1 (OMIM 600512) was first reported by Ottman et al[20] in a family in which 11 
members in three generations had seizures, with most seizures having auditory 
features, suggesting a neocortical (or lateral) temporal lobe origin. Linkage analysis 

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
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Table 1 Eleven different types of familial temporal lobe epilepsy

Phenotype OMIM ID Gene/locus Inheritance
Age at 
seizure 
onset (yr)

Seizure 
types EEG MRI Epilepsy 

types Prognosis Ref.

ETL1 600512 LGI1 AD 4-50 Aud, Aph, 
FBTCS

T ea Nor LTLE Responsive to 
ASM

[20,24,
25]

ETL2 608096 Chr12q22-q23.3 AD 0.75-35 FS, FBTCS; 
Cog, Aut

Nor, T 
ea

HM MTLE Responsive to 
ASM or SR

[27,28]

ETL3 611630 Chr4q13.2-
q21.3

AD 5-18 Cog, FBCTS, 
FIAS

Nor, T 
ea

Nor MTLE Responsive to 
ASM or SR

[32]

ETL4 611631 Chr9q21-q22 AD 0.58-63 Focal Mot; 
Cog, Sen, 
Aut, FIAS, 
FBCTS

Nor Nor OTLE Responsive to 
ASM or SR; 
migraine 5/Mo 
– 2/y

[33]

AR 0.75-5 FS, FBECTS, 
FIAS

T ea T atr, 
HS

TLE Responsive to 
ASM or SR

[36]ETL5 614417 CPA6

AD 1.25-23 FS - T atr TLE Drug-refractory [36]

ETL6 615697 Chr3q25-q26 AD 3-46 FS, FIAS, 
Cog, Sen, 
Aut, FBTCS

Nor, T 
ea, sa

Nor MTLE Responsive to 
ASMs

[37]

ETL7 616436 RELN AD 8-40 Vis, Aud, 
FBECTS, 
FIAS

T ea Nor LTLE Responsive to 
ASM or SR

[38,40]

ETL8 616461 GAL AD 13 FIAS, Cog, 
Sen, Aut, 
FBTCS

T ea Nor TLE Responsive to 
ASM

[43]

ETL9 - DEPDC5 AD 8-13 FS,Cog, 
Sen,focal 
Mot; 
FBECTS

T ea Nor TLE Responsive to 
ASM

[44,46,
47]

ETL10 - MICAL-1 AD 6-30 Aud, Aph, 
FBECTS

T or FT 
ea

Nor LTLE Responsive to 
ASM

[48]

ETL11 - SCN1A AD 10-13 FS, FIAS, 
Aut; focal 
Mot, 
FBECTS

T ea HS TLE Responsive to 
ASM

[50]

AD: Autosomal dominant; Aph: Aphasia; AR: Autosomal recessive; ASMs: Anti-seizure medications; atr: Atrophy; Aud: Auditory; Aut: Autonomic; Chr: 
Chromosome; CPA6: Carboxypeptidase A6; Cog: Cognitive; DEPDC5: DEP domain containing 5; ea: Epileptic activity; EEG: Electroencephalogram; Emo: 
Emotional; ETL: Epilepsy, familial temporal lobe; FBTCS: Focal to bilateral tonic-clonic seizures; FIAS: Focal impaired awareness seizure; FS: Febrile 
seizures; FT: Frontotemporal; GAL: Galanin and GMAP prepropeptide; HM: Hippocampal malrotation; HS: Hippocampal sclerosis; LGI1: Leucine-rich 
glioma inactivated-1; LTLE: Lateral TLE; MICAL-1: Microtubule associated monooxygenase, calponin and LIM domain containing 1; MTLE: Mesial TLE; 
Mot: Motor; MRI: Magnetic Resonance Imaging; Nor: Normal; OTLE: Occipitotemporal lobe Epilepsy; RELN: Reelin; sa: Slow activity; SCN1A: Sodium 
voltage-gated channel alpha subunit 1; Sen: Sensory; SR: Spontaneous remission; T: Temporal; TLE: Temporal lobe Epilepsy; Vis: Visual.

revealed that the candidate epilepsy gene was located on Chr 10q22–q24. In 2002, an 
LGI1 gene mutation on Chr 10q22–q24 was identified as the pathogenic cause[21]. 
LGI1 is a 60-kDa secreted protein that is predominantly expressed in neuronal cells in 
the brain and is involved in cortical neuronal migration, neuronal excitability and 
synaptic transmission. LGI1 mutations could lead to protein folding failure and 
destroy the interaction with its ligand, ADAM22[22].

More than 40 LGI1 variants related to ETL1 had been detected to date[23]. The 
variants were usually inherited from the affected parents and were rarely de novo, and 
the overall penetrance of the disorder was 61%-67%. The age of seizure onset was 4-50 
years, usually 12-30 years[24]. Auditory and/or sensory aphasia seizures were the 
most common seizure types, and interictal electroencephalogram (EEG) showed 
temporal lobe origin, which supports the diagnosis of LTLE. The auditory symptoms 
ranged from unformed sounds, such as humming and ringing, to distortions and 
volume changes. Autonomic symptoms were less common. Most patients had 
experienced focal to bilateral tonic-clonic seizures (FBCTS). The prognosis was good 
with anti-seizure medications (ASMs), such as phenytoin and carbamazepine[25]. 
Some research has shown that treatment with the chemical corrector 4-phenylbutylate 
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ameliorates the increased seizure susceptibility of LGI1 mutant mice, which provides 
potential new therapeutic options for LGI1-mediated epilepsy[26].

ETL2, RELATED TO THE 12Q22-Q23.3 LOCUS
Depondt et al[27] reported a 5-generation family in which 22 members had TLE and 
febrile seizures without HS. Claes et al[28] linked this phenotype, namely, ETL2 
(OMIM 608096), to Chr 12q22-q23.3, which includes 280 genes. ETL2 was autosomal 
dominant inherited, and the penetrance was approximately 80%. Those patients had a 
high incidence of febrile seizures, and all febrile seizures disappeared before 6 years of 
age. The mean age at onset of afebrile seizures was 8 years. The most common seizure 
types included focal seizures with or without impaired awareness, such as sensation in 
the head, fear, confusion and viscerosensory and tonic-clonic seizures. Ten of the 
patients were diagnosed with MTLE. Hippocampal malrotation was common in this 
family, even in individuals without seizures. The prognosis was good, with 11 
individuals experiencing spontaneous remission. In addition, there was a report of a 
family in which seven members had febrile seizures that evolved to tonic-clonic 
seizures. The genetic linkage analysis mapped to Chr 12q22-q23.3[29]. Recently, Maria 
et al[30] reported a sporadic case with TLE and febrile seizures who had a 12 Mb 
duplication at Chr12q22-q23.3. She presented with growth retardation. Her seizure 
was well controlled with carbamazepine. These findings indicated that Chr 12q22-
q23.3 had a broad phenotypic spectrum, similar to most well-known epileptogenic 
genes[31]. The symptoms of patients from the same family showed high similarity, 
which might be related to the common mutation sites and genetic backgrounds. The 
exact pathogenic mechanism required further research.

ETL3, RELATED TO THE 4Q13.2-Q21.3 LOCUS
Hedera et al[32] reported a 4-generation family in which 11 individuals were 
diagnosed with MTLE or ETL3 (OMIM 611630). Linkage analysis mapped the 
phenotype to Chr 4q13.2-q21.3, which include 359 genes without homology to the 
well-known epileptic genes. ETL3 showed autosomal dominant inheritance with 
incomplete penetrance. The age of seizure onset was 5-18 years and most patients were 
10-20 years. Ten individuals had focal cognitive seizures with feelings of déjà vu 
associated with dizziness or nausea, and 8 also had focal seizures with altered 
awareness and staring. Four individuals had FBCTS. Brain magnetic resonance 
imaging (MRI) was performed on 3 patients and the findings were not significant. EEG 
was performed on 6 patients, of whom 5 patients exhibited normal EEG and 1 had left 
anterior temporal sharp waves. Only 4 patients were treated with ASMs.

ETL4, RELATED TO THE 9Q21-Q22 LOCUS
ETL4 (OMIM 611631) was reported in a 5-generation family of which 14 individuals 
had occipitotemporal lobe epilepsy and migraine with visual aura[33]. Genome-wide 
linkage and haplotype analysis mapped the phenotype to Chr 9q21-q22, which include 
604 genes. ETL4 was autosomal dominant and was inherited with a low penetrance of 
75%. The age at seizure onset ranged from 7 mo to 63 years, and the median age was 
21 years. Age at migraine onset ranged from 30 to 65 years, with a median age of 42 
years. Ten individuals had occipitotemporal lobe epilepsy and 5 of them also had 
migraine with aura. Nine of the 10 patients had focal motor or nonmotor seizures, 
such as visual, autonomic, and somatosensory symptoms, olfactory and auditory 
hallucinations, and cognitive seizures excluding déjà vu. Three of the 10 patients had 
focal seizures with altered awareness and 3 had FBCTS. Four had a single isolated 
seizure, and 1 of them also had migraine with aura. Seizures and migraine attacks 
were temporally independent in all patients except one. EEG and brain MRI were 
normal except in 2 patients with age-related white matter changes.

Approximately 6% of migraine patients have seizures, and 8%-15% of epilepsy 
patients have migraines[34]. Tikka-Kleemola et al[35] reported that among 33 families 
of patients experiencing migraine with visual aura, 22 families were linked to Chr 
9q21-q22. None of these family members had seizures. These findings indicated that 
epilepsy and migraine have a common genetic basis and that Chr 9q21-q22 was closely 
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related to epilepsy and migraine.

ETL5, RELATED TO CPA6 GENE MUTATION
Salzmann et al[36] reported four children with recessive familial forms of febrile 
seizures and TLE born to healthy first-cousin parents. A CPA6 gene homozygous 
mutation was found associated with the phenotype and was named ETL5 (OMIM 
614417). All 4 patients had febrile seizure onset before 4 years of age. One of them had 
TLE. His MRI showed right temporal atrophy, and EEG showed right temporal spikes 
and waves. They all became seizure-free with or without ASMs. In vitro research 
showed that CPA6 variants reduced the level of protein expression and secretion 
and/or destroyed carboxypeptidase activity. Salzmann et al[36] also reported a 
sporadic case with drug-refractory TLE carrying compound heterozygous mutations 
in the CPA6 gene. MRI showed cavernous malformation. His grandfather had a 
history of febrile seizures. Four unrelated patients with febrile seizures and refractory 
TLE carrying CPA6 gene heterozygous mutations were also reported, suggesting that 
ETL5 was both recessively and dominantly inherited[36]. The seizure onset of these 4 
patients ranged from 15 mo to 23 years of age. Among them, one had febrile seizures 
and left temporal lobe origin seizures with HS. His brother had a history of febrile 
seizures. Two patients had temporal lobe seizures originating from the temporo-
parietal junction and bitemporal lobes. These two patients had neonatal sequelae and 
bitemporal atrophy on MRI. The last patient had febrile seizures, and his mother also 
had a history of febrile seizures. The prognosis of patients with homozygous 
mutations seemed to be better than that of patients with heterozygous mutations.

ETL6, RELATED TO THE 3Q25-Q26 LOCUS
Only one ETL6 (OMIM 615697) family had been reported to date by Chahine et al[37] 
in 2013. In the 4-generation family surveyed in the study, 7 individuals had TLE, and 4 
had febrile seizures during childhood but no subsequent epilepsy. Genetic linkage 
analysis linked the phenotype to Chr 3q25-q26 containing 453 genes. ETL6 was 
autosomal dominant and inherited with incomplete penetrance. The age of onset of 
temporal seizures ranged from 3 to 46 years. The 4 patients with isolated febrile 
seizures had onset between 5 mo to 5 years of age. Seizure types included focal aware 
seizures, focal impaired awareness seizures, FBCTS and rarely status epilepticus. 
Many of the seizures were suggestive of a mesial temporal origin, and occurred with 
auras including abdominal discomfort, rising numbness, floating sensation, strange 
grabbing feeling, déjà vu and dizziness. Brain MRI, performed in 3 patients, was 
normal. EEG was normal except in 1 patient who exhibited sharp right temporal 
waves and irregular slow activity. The seizures of the patients were responsive to 
ASMs.

ETL7, RELATED TO RELN GENE MUTATION
Dazzo et al[38] identified seven different heterozygous missense mutations in the 
RELN gene in 7 unrelated families with LTLE or ETL7 (OMIM 616436). The RELN 
gene is crucial for the correct cytoarchitecture of laminated structures during 
embryonic development and modulates dendritic growth and synaptic plasticity in the 
postnatal and adult stages[39]. Their research revealed that the expression of reelin 
was reduced in the hippocampus of ETL7 patients and reelin promoter methylation 
was greater with severe granule cell dispersion, which supports a compromised reelin 
signaling pathway and identifies promoter methylation as an epigenetic mechanism in 
the pathogenesis of ETL7[38]. The clinical features of ETL7 were found to be similar to 
those of ETL1[40]. The mean age at seizure onset was 20 years. Seizure types included 
focal visual seizures, auditory seizures, déjà vu, FBTCS and focal seizures with 
impairment of consciousness. These patients were seizure-free with or without ASMs 
treatment. Previous work revealed that homozygous RELN gene mutations caused 
lissencephaly with cerebellar hypoplasia[41]. Three small consanguineous LCH-
affected families had been reported thus far. The heterozygous individuals in these 
families exhibited reduced levels of reelin in their sera and were reported to be 
clinically normal[42]. The apparent normal phenotype of these individuals was 
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consistent with the low penetrance of RELN mutations.

ETL8, RELATED TO GAL GENE MUTATION
ETL8 (OMIM 616461) was reported by Guipponi et al[43] in a pair of monozygotic twin 
brothers with TLE carrying a heterozygous missense mutation in the GAL gene. The 
GAL gene encodes galanin, which is a neuropeptide highly expressed in the central 
nervous system. The mutant galanin identified in their study led to antagonistic 
activity against GALR1-mediated responses, decreased binding affinity and reduced 
agonist properties for GALR2 in vitro, suggesting that the variants impaired galanin 
signaling in the hippocampus and led to increased glutamatergic excitation[43]. The 
age of seizure onset was 13 years in both patients. Both had focal abdominal sensory 
seizures, incoherent speech, blurred vision, auditory hallucinations, slow ideation déjà 
vu and occasional FBCTS. Brain MRI findings were normal. Seizures were well 
controlled by ASMs.

ETL9, A DEPDC5- RELATED FTLE
In 2013, Shida et al[44] reported two families with TLE caused by DEPDC5 gene 
heterogenous mutations. The patients had focal nonmotor and motor seizures and 
their interictal EEG showed slow waves and sharp waves in the temporal lobes[45]. 
DEPDC5 proteins have no homology with ion channel proteins. DEPDC5 protein 
formed a GATOR1 complex with NPRL2 and NPRL3, which inhibited the aggregation 
of mTORC1. In vitro, mutant mRNA products are degraded by the nonsense-mediated 
decay system, and DEPDC5 haploinsufficiency was likely to be the cause of the disease
[44]. Striano et al[46] detected a DEPDC5 gene nonsense mutation, p.Tyr306*, in a 
family with two individuals diagnosed with MTLE. In the proband and her mother, 
the seizures were characterized by déjà vu, anxiety, derealization and epigastric 
sensation. During follow-up, the proband showed significant auditory seizures 
weekly, suggesting a diagnosis of LTLE[47]. The reports to date indicated that the 
phenotype of DEPDC5-related TLE was variable and that DEPDC5 variants were 
responsible for both MTLE and LTLE.

ETL10, AN MICAL-1-RELATED FAMILIAL LTLE
Dazzo et al[48] identified three different MICAL-1 gene heterozygous missense 
mutations in three LTE families without LGI1 or RELN gene mutations. The MICAL-1 
gene is expressed ubiquitously, with higher expression levels in the embryonic and 
nervous systems. In vitro, the variants significantly increased MICAL-1 oxidoreductase 
activity and induced cell contraction, which likely resulted from deregulation of F-
actin dynamics[49]. These results suggested that the dysregulation of actin 
cytoskeleton dynamics was a likely mechanism by which MICAL-1 gene pathogenic 
variants led to LTE. The seizure onset age was 6-30 years, with most patients experi-
encing onset at 6-10 years. Affected individuals had auditory auras and some of them 
had aphasic symptoms. Most patients had FBCTS. EEG revealed temporal or fronto-
temporal abnormal epileptic activity. Their 1.5-Tesla brain MRI scans were 
unremarkable. Seizures were well controlled with ASMs such as carbamazepine, 
methylhydantoin and vigabatrin.

ETL11, AN SCN1A-RELATED FTLE
In 2007, a southern Italian family was reported by Colosimo et al[50], in which 13 
members over 3 generations had febrile seizures and TLE associated with the SCN1A 
p.M145T mutation. The SCN1A gene encodes the alpha subunit of the NaV1.1 sodium 
channel and is highly expressed in the central nervous system. SCN1A gene mutations 
were associated with a broad spectrum of epilepsy phenotypes and were commonly 
reported in epilepsies characterized by frequent febrile seizures during childhood; few 
had been reported in TLE[51]. The SCN1A p.M145T mutation was the first missense 
mutation found in DIS1 of SCN1A and caused a loss of function of the NaV1.1 channel
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[52]. All 13 living members had febrile seizures onset from 5 to 45 mo. Nine subjects 
were affected with only febrile seizures and had normal EEG. Three individuals later 
developed TLE with epileptiform temporal spikes on EEG, and two of them had HS. 
The onset age of TLE was 10-13 years. Seizure types included focal seizures with or 
without awareness and rare nocturnal FBCTS. Seizures in the patient without HS were 
completely controlled with valproate. Seizures in 1 patient with HS were well 
controlled with the combination of carbamazepine and primidone. In another patient 
with HS, seizures continued despite treatment with the combination of topiramate and 
phenobarbital.

CONCLUSION
FTLE was always underestimated due to itsheterogeneous intrafamily clinical 
manifestations. Some family members with subtle symptoms had not received a 
diagnosis of epilepsy prior to detailed enquiry by a neurologist[11]. Eleven types of 
FTLE have been identified thus far (Table 1).

In addition to typical temporal lobe seizures, special phenotypes also exist within 
some types of FTLE, such as migraine and febrile seizures. In 2000, Gambardella et al
[53] reported a family with ETL4, in which migraine was a common phenotype among 
the TLE patients. Chr. 9q21-q22, harboring 604 genes, was correlated with both 
migraine and ETL4. Understanding of the pathogenetic mechanisms requires the 
identification of the genes responsible for the phenotype. ETL2, ETL5, ETL6 and ETL11 
were associated with a high incidence of febrile seizures, which was also found to be a 
prominent feature in a number of genetically determined epilepsy cases[54]. Febrile 
seizures affect approximately 3% of children and increase the risk of developing HS
[55]. Moreover, febrile seizures and TLE were associated with common genetic 
variation, such as the CPA6 and SCN1A genes[36,56]. The prognosis of FTLE with a 
high incidence of febrile seizures was almost good. However, in some patients with 
genetically based MTLE-HS and histories of febrile seizures, the prognosis was poor, 
and the underlying pathogenic genes remain unknown[57]. A growing number of 
studies had proven that HS and MTLE had polygenic or multifactorial modes of 
inheritance. The mechanism involves neuron development, differentiation, synaptic 
signaling, immune response and vascular development, which might provide 
directions for therapy of MTLE-HS[19].

LTLE was mostly genetic in etiology related to LGI1, RELN, MICAL-1 and DEPDC5 
gene mutations. LGI1 and RELN mutations were reported in approximately 35 and 
17.5 % of LTLE families respectively[12,38]. The phenotypes of familial LTLE caused 
by pathogenic mutations of the LGI1, RELN and MICAL-1 genes were similar. 
However, the molecular functions of these genes were discrepant, indicating that the 
mechanism of LTLE was complicated. Notably, some candidate loci were also 
gradually being recognized, such as the Chr 9q13.11–q13.31 Locus (not mentioned 
above), which was related to familial LTLE with a higher frequency of febrile seizures 
and migraine and a lower recurrence of focal to bilateral seizures than ETL1, ETL7 and 
ETL10[58].

Four gene loci on Chr 12q22-q23.3, 4q13.2-q21.3, 9q21-q22, and 3q25-q26, were 
closely related to FTLE. These loci each contain 280-604 genes, but the specific 
pathogenic genes for TLE had not yet been identified. Reports on each type of FTLE 
were rare, which limits our knowledge and hinders in-depth research. Reaching a 
complete understanding of the genetics of TLE is still a long-term prospect.
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Abstract
Bariatric surgery is the branch of surgery aimed at helping a person with obesity 
lose weight. The implementation of surgical treatment of obesity is growing at an 
impressive rate. As expected, the expanding implementation of bariatric 
procedures has progres-sively revealed critical issues that were not evident when 
the number of obese patients treated with surgery was relatively small. One 
critical issue is the importance of mental health assessment and care of bariatric 
patients. The aim of this review is to provide readers with an up-to-date summary 
of the goals, methods, and clinical strategies of bariatric psychiatry. The aims can 
be grouped into three distinct categories. First, to ascertain that there are no 
psychiatric contraindications to safe bariatric surgery. Second, to diagnose and 
treat pre-surgery mental conditions that could predict poor weight loss. Third, to 
diagnose and treat post-surgery mental conditions associated with poor quality of 
life. Although bariatric psychiatry has gained the status of a new subspecialty 
within the field of mental health and psychopathology, many clinical questions 
remain unsolved. We need more long-term data on outcome measures such as 
quality of life, adherence to behavioral guidelines, risk of suicide, and post-
surgery prevalence of psychological disturbances and mental disorders.

Key Words: Bariatric surgery; Psychiatry; Weight loss; Mental health; Quality of life; 
Preoperative assessment; Postoperative follow-up
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focus on post-surgery quality of life, adherence to behavioral guidelines, risk of 
suicide, and prevalence of psychological disturbances and mental disorders.
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INTRODUCTION
Bariatric surgery is the branch of surgery aimed at helping a person with obesity lose 
weight. Compared to traditional treatments of obesity (e.g., diet, exercise, behavior 
modifications, and weight loss medications), bariatric surgery generally leads to more 
consistent outcomes in terms of significant and long-lasting weight loss, up to 30% of 
total body weight[1]. Another peculiarity of bariatric surgery is its favorable impact on 
metabolic complications associated with obesity (e.g., type 2 diabetes). Thus, some 
reports refer to bariatric surgery as “weight and metabolic surgery”.

Bariatric surgery includes different surgical procedures (i.e., sleeve gastrectomy, 
Roux-en-Y gastric bypass abbreviated to RYGB, biliopancreatic diversion, adjustable 
gastric banding and intragastric balloons) almost always done via laparoscopic 
surgery. The implementation of surgical treatment of obesity is growing at an 
impressive rate. The data reported by the American Society for Metabolic and Bariatric 
Surgery (ASMBS) show that, in the years between 2011 and 2019, the number of 
patients who underwent weight loss surgery in the United States rose from 158000 to 
256000[2]. The latest edition of the Global Registry published by the International 
Federation for the Surgery of Obesity and Related Disorders (IFSO, 2019) reports that 
worldwide operations increased from 100092 in 2014 to 833687 in 2019[3].

As expected, the expanding implementation of bariatric procedures has progres-
sively revealed critical issues that were not evident when the number of obese patients 
treated with surgery was relatively small. One critical issue is the importance of 
mental health assessment and care of bariatric patients. Bariatric surgery is not a hit-
and-run technical operation like many other surgical procedures. Rather, it is a 
“voyage” affecting patients’ life for years. After surgery, patients experience major 
changes in their physiological functions, psychological processes, lifestyle habits, and 
social interactions. Therefore, they need extensive and prolonged interactions with 
mental health professionals that should start in the preoperative stage and continue 
throughout the postoperative years. In spite of their importance in the multi-discip-
linary teams that take care of patients seeking weight-loss surgery, often psychologists 
and psychiatrists still play a marginal or poorly defined role in preoperative 
assessment and postoperative follow-up.

Fortunately, in the last decade, many studies focusing on a variety of aspects related 
to preoperative assessment and postoperative follow-up have partially reduced the 
gap between bariatric surgery and psychiatry. The body of evidence derived from 
these studies is so large and diverse to allow the conclusion that bariatric psychiatry 
has gained the status of a new subspecialty within the field of mental health and 
psychopathology[4].

The aim of this review is to provide readers with an up-to-date summary of the 
goals, methods, and clinical strategies of bariatric psychiatry. The review is organized 
as follows. The first section outlines the raison d'être of bariatric psychiatry. The 
following three sections summarize the clinical issues addressed by preoperative and 
postoperative psychiatric assessment. The final section focuses on the specific skills 
required to mental health professionals who take care of bariatric patients before and 
after surgery.

THE AIMS OF BARIATRIC PSYCHIATRY
It is unusual for patients undergoing surgical operations to be interviewed by a 
psychiatrist before surgery and to be re-evaluated over time after surgery. So, why 
should bariatric patients follow a different route from that usual for other surgical 
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patients? Most bariatric candidates ask such a question and need an explanation that 
clarifies the aims of mental health assessment. The aims can be grouped into three 
distinct categories. First, to ascertain that there are no psychiatric contraindications to 
safe bariatric surgery. Second, to diagnose and treat pre-surgery mental conditions 
that could predict poor weight loss. Third, to diagnose and treat post-surgery mental 
conditions associated with poor quality of life.

The definition of the three categories listed above has been a gradual acquisition 
since the rise of bariatric surgery. Initially, for many years, the only reason for mental 
health assessment was the exclusion of patients with psychiatric disorders that could 
increase the risk of medical complications. Later on, it became clear that the primary 
goal of bariatric surgery (i.e., weight loss) was influenced by a variety of psychological 
and behavioral variables. As a result, the identification of these variables in the 
individual patient became an additional task for the examining psychiatrist. Still 
today, weight loss is the only measure of success in many follow-up studies focusing 
on the psychological predictors of bariatric outcome. Yet, in the last few years, 
researchers and clinicians have begun to pay greater attention to the post-surgery 
quality of life of patients. Successful bariatric surgery should not only be safe and 
cause significant weight loss but it should also improve patients’ quality of life. Below, 
I will briefly discuss each of the three aims of contemporary bariatric psychiatry 
(Table 1).

DEFINING PSYCHIATRIC CONTRAINDICATIONS
Although, at the dawn of bariatric surgery, the definition of psychiatric contraindic-
ations was the only task of mental health assessment, still today there is no clear 
consensus among official guidelines regarding which psychiatric conditions merit 
recommending delay or denial of surgery. For example, the Interdisciplinary European 
Guidelines on Metabolic and Bariatric Surgery[5] list non-stabilized psychotic disorders, 
severe depression, personality and eating disorders, alcohol abuse or drug depend-
encies as definite contraindications to bariatric surgery. Likewise, the Resource 
Document on Bariatric Surgery and Psychiatric Care of the American Psychiatric Asso-
ciation[6] states: “The most common reasons for deferring bariatric surgery are significant 
psychopathology such as active psychosis (including thought disorder symptoms), current 
substance dependence, untreated eating disorders (specifically anorexia nervosa or bulimia 
nervosa), untreated depression and/or active suicidal ideation.” (p. 2). Yet, a diligent reading 
of these documents reveals that the sole presence of any particular psychiatric 
symptom or syndrome is not a sufficient element for contraindicating surgery because 
clinicians should make their determinations based on a more comprehensive 
assessment. The European document specifies that the conditions listed above are 
contraindications “unless specifically advised by a psychiatrist experienced in obesity” (p. 
453) and the American document states that “a psychiatric disorder per se should not be 
viewed as an exclusion criterion for bariatric surgery.” (p. 2).

Regardless of the ambiguity of the recommendations reported by different 
guidelines, a fact that emerges clearly from the most recent reports addressing the 
issue of psychiatric contraindications is a progressive expansion of eligibility criteria
[4]. Conditions that in the past were considered contraindications are now judged as 
compatible with bariatric surgery. Two reasons may explain such a progressive 
expansion of eligibility criteria. First, the decline in the medical complications 
associated with bariatric surgery[7]. Second, the emphasis on weight loss as the 
primary measure of successful outcome. Yet, the view that a psychiatric condition is a 
contraindication only if it increases medical risks and/or impairs weight loss is 
questionable. Such a permissive approach ignores the recent finding that, over a 10-
year study period, there was an increase in mental health service presentations after 
surgery, particularly among those who had prior psychiatric illnesses[8].

We need standardized guidelines for psychiatric eligibility based on longitudinal 
data that focus not only on medical complications and weight loss but also on post-
surgery mental health and quality of life. Standardized guidelines are needed to 
protect both patients and health professionals. The lack of unambiguous and agreed-
upon recommendations specifying which individual factors turn a potential 
psychiatric contraindication into a manageable pre-surgery condition exposes 
evaluating clinicians to the risk of facing a medical malpractice lawsuit and charge 
them with the burden of deciding case-by-case.
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Table 1 The aims of bariatric psychiatry

Aims of bariatric psychiatry

To ascertain that there are no psychiatric contraindications to safe bariatric surgery

To diagnose and treat pre-surgery mental conditions that predict poor weight loss

To diagnose and treat post-surgery mental conditions associated with poor quality of life

PREDICTING WEIGHT LOSS
Weight loss is the primary goal of bariatric psychiatry and the key measure of 
successful outcome. A recent study[9] defined a favorable weight loss response as ≥ 
50% excess weight loss or ≥ 20% total weight loss. Among the wide range of individual 
variables that can impact weight loss, personality traits and psychiatric conditions play 
a relevant role.

Two recent systematic reviews have analyzed the relationship between personality 
traits and bariatric surgery outcomes[10,11]. Better weight loss response is predicted 
by a combination of different personality traits including high cooperativeness, high 
persistence, low novelty seeking, low impulsivity, an internal locus of control, a low 
tendency toward externalizing behaviors, a secure attachment style, and low levels of 
alexithymia. Each of these personality traits is associated with a variety of individual 
and social behaviors that promote successful postoperative treatment plans including 
the capacity and willingness to modify dietary habits, to increase levels of routine 
physical activity, to restrain alcohol consumption, and to attend monitoring 
appointments. Thus, during preoperative clinical interviews, personality assessment 
should integrate diagnostic procedures aimed at detecting the presence of those 
psychiatric syndromes that impact negatively on weight loss. Eating, depressive, and 
anxiety disorders are the psychiatric syndromes most analyzed by follow-up studies.

Obese patients seeking bariatric surgery have a high prevalence of eating 
disordered behavior. In particular, binge eating disorder (BED) is frequently 
diagnosed in bariatric candidates but there is no definitive evidence on the association 
between preoperative BED and weight loss outcomes after surgery. There are studies 
showing that patients with and without BED show similar outcomes in terms of after-
surgery weight loss and weight regain[12]. However, other studies identified a 
diagnosis of BED as a negative predictor of outcome. Ivezaj et al[13] have described the 
“Bariatric Binge-Eating Disorder” (Bar-BED) defined as an eating pathology meeting 
all criteria for BED, except for the requirement of an unusually large amount of food. 
In their study, the outcome of patients who underwent sleeve gastrectomy surgery 
and developed Bar-BED was worse than the outcome of patients without such a 
diagnosis. Thus, it is likely that a pejorative impact of BED on bariatric outcome is 
exclusive to, or more frequent in, those patients who retain their pre-surgery eating 
pathology[14].

Whereas the relationship between eating disorders and the outcome of bariatric 
surgery has been largely investigated, fewer studies have analyzed the impact of 
preoperative depression and anxiety. Some studies based on small samples reported a 
negative association between baseline depression and postoperative weigh loss. For 
example, de Zwaan et al[15] found that the presence of a depressive disorder was 
significantly associated with a lower degree of weight loss at 24-36 mo, but not at 6-12 
mo (n = 107). By contrast, Gill et al[16] concluded that preoperative depression scores 
did not predict outcomes of postoperative body mass index (BMI). A possible 
confounding variable is the chronological course of affective and mood symptoms. de 
Zwaan et al[15] reported a differential effect of lifetime and current anxiety disorders 
on weight loss. Whereas current anxiety disorders had no impact, lifetime anxiety 
disorders were of negative prognostic value for postoperative weight loss. However, 
when successful outcome is measured in terms of weight loss, the majority of 
prospective studies shows that the impact of preoperative anxiety is negligible[16].

MONITORING POST-SURGERY MENTAL HEALTH AND QUALITY OF LIFE
Bariatric surgery is a turning point in patients’ lives. Patients are typically faced with 
initial dietary restrictions, permanent changes in eating and dietary habits, altered 
body sensations and experiences, shifting body image and self-care behaviors, new 
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cognitions and feelings, and an emerging and different lifestyle. In addition, they may 
sometimes realize unexpected and significant changes in relationships that may result 
in marked stress[17]. All these changes inevitably impact patients’ mental health and 
quality of life, for better or worse. After an initial improvement in psychiatric 
symptoms and psychosocial functioning (the honeymoon phase lasting about 2 years), 
some patients show a progressive decline in their mental wellbeing. One of the major 
tasks of contemporary bariatric psychiatry is to improve our understanding of which 
individual variables can predict and explain such a biphasic post-surgery course.

Doubtless, pre-existing psychiatric disorders are a risk factor for post-surgery 
mental disturbance. The increase in mental health service presentations reported by 
Morgan et al[8] over a 10-year study period after surgery involved especially those 
patients who had prior psychiatric illnesses. Psychiatric disorders are common among 
patients seeking surgical treatment of obesity, as shown by Dawes et al[18] in their 
meta-analysis of 59 studies reporting the preoperative prevalence of mental health 
conditions in 65363 bariatric candidates. The three most common individual 
diagnoses, based on random-effects estimates of prevalence, were depression (19%), 
BED (17%) and anxiety disorders (12%). Whereas anxiety symptoms do not improve 
after surgery, eating pathology and depression tend to remit during the first 2 years 
and to recur thereafter[4].

The scope of preoperative assessment is not limited to psychiatric diagnosis and 
should be expanded to include patients’ motivations and expectations. Poor 
satisfaction with surgery outcomes often derives from unrealistic expectations and 
may cause postoperative frustration, depression and opposition to implement 
behavioral changes[19]. In the preoperative phase, it is important to discuss and 
correct naïve hopes that surgery would simply “fix” things including bad eating habits 
without personal effort. Common beliefs among bariatric candidates are that they have 
lost control over their own diet and the ability to lose weight, and this control cannot 
be regained through personal effort. Choosing to undergo bariatric surgery is seen as a 
way to end the never-ending, unwinnable struggle with food and weight, and hand 
control over to a surgeon who will release them from obesity by changing how their 
body works[20]. If not modified, such a passive attitude may undermine patients’ 
collaboration with postoperative treatment strategies.

Post-surgery decline in mental wellbeing is not necessarily related to unmet expect-
ations about weight loss and eating behavior. Mental health professionals taking care 
of bariatric patients should be aware that weight loss is not the only variable making 
the difference in terms of psychological well-being. Personal characteristics can offset 
the psychological reward of weight loss. A good example is child maltreatment. 
Bariatric patients with a history of child maltreatment experience weight loss similar to 
those without histories of abuse. However, they often report greater levels of 
depression as well as mood and anxiety disorders both prior to and following surgery. 
Additionally, victims of childhood adverse experiences are more vulnerable to 
psychiatric hospitalizations and suicidal behavior following surgery, especially those 
who are suffering from mood or substance use disorders[21].

Another psychological variable largely independent from weight loss is body dissat-
isfaction. In most cases, body image improves after bariatric surgery. However, some 
aspects of body image do not improve with weight loss or do not reach norms (e.g., 
average scores of people with BMIs in the normal range and no eating disorder). The 
way patients feel and think about their physical appearance may lag behind the rapid 
changes in weight and body shape following surgery. Thus, the process of rebuilding a 
positive body image may be lengthy and complicated, although a decrease of body 
dissatisfaction is generally expected after surgery[22].

Although symptoms reflecting anxiety, depression, disordered eating and body 
dissatisfaction require prompt diagnosis and treatment, the two most alarming 
psychiatric complications of bariatric surgery are suicide and addiction. There is a 
growing concern that post-bariatric surgery patients may have an increased risk for 
completed suicide, attempted suicide and self-harm compared to age-, sex-, and BMI-
matched controls[23,24]. A variety of pre- and post-surgical psychosocial, pharma-
cokinetic, physiologic, and medical factors may be involved in increasing self-harm 
and suicide risk[25]. A meta-analysis published in 2019 and based on 32 studies with 
148643 subjects reports the most recent data on completed suicide, attempted suicide 
and self-harm in post-bariatric surgery patients[26]. Mortality from suicide after 
bariatric surgery was 2.7 per 1000 patients and the suicide attempt/self-harm event 
rate was 17 per 1000 patients. The calculated event rate in post-bariatric surgery 
patients was eight times higher than average suicide rates in the general populations 
from countries with the highest suicide rates in the world. The strongest predictor of 
post-surgery risk was a lifetime history of suicide ideation and/or self-injurious 
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behavior. Therefore, preoperative assessment conducted by an expert mental health 
professional is crucial for effective prevention of self-harm and suicide in bariatric 
patients. The 2016 edition of the guidelines of the Italian Society of Bariatric Surgery
[27] includes a lifetime history of attempted suicide among the absolute contraindic-
ations to bariatric surgery.

Post-surgery substance use disorders are emerging as one of the most critical 
psychiatric complications of bariatric surgery[28,29]. Long-term studies indicate that 
these problems tend to develop after a relatively long latency following surgery, 
typically about 1 year to 2 years after surgery, and some evidence suggests that the 
risk for onset of such problems continues to increase, rather than decrease, over many 
years following surgery[30]. Risk factors for post-surgery substance use disorders have 
been consistently described and include type of surgery, a personal history of 
substance use disorder, a family history of substance use disorder, a history of early 
trauma, pre-existing psychiatric disorders, low social support, younger age, male sex 
and alcohol sensitization after surgery. By contrast, the mechanisms linking bariatric 
surgery and substance use disorders are not fully understood. Several hypotheses 
have been advanced to explain post-surgery increased risk. Prevalent explanations 
focus on altered pharmacokinetics induced by the anatomical and physiological 
changes that result from surgical procedures. Addiction transfer is an alternative (or 
complementary) explanation. The hypothesis assumes that, being physically 
prevented from comfort eating after bariatric surgery, some patients employ 
substances or compulsive behaviors as a way to manage the problem of their unmet 
emotional and psychological needs.

WHY A SUBSPECIALTY?
The title of the present review elevates bariatric psychiatry to the rank of subspecialty. 
The emergence of a new medical subspecialty is justified if knowledge in the field 
expands so rapidly to impose the further specialization of clinicians. Subspecialization 
allows clinicians to focus their abilities and learn more about the best strategies to 
diagnose and treat patients with specific medical problems. Psychological assessment 
and care of bariatric patients have reached such a level of complexity to require 
dedicated programs conducted by mental health professionals with a high degree of 
expertise. This was clearly stated as early as 2004 by the American Society for Bariatric 
Surgery[31]: “ASBS believes that the application and interpretation of objective tests, the 
ability to identify discrete risk factors not amenable to testing, as well as the capacity to conduct 
pertinent clinical interviews and to organize this information in a way that directly speaks to 
the adjustment of the individual after surgery requires a particular level and kind of experience 
that is specific to bariatric surgery.” (p. 15).

I refer the reader to my recent book[5] for a detailed discussion of the clinical skills 
required to psychiatrists who take care of bariatric patients. Here, I will summarize the 
basic aspects that differentiate the clinical care of bariatric patients from standard 
psychiatric practice (Table 2).

The evaluating psychiatrist should be aware of the complexity of informed consent 
in bariatric psychiatry[32]. Patients should be able to articulate their rationale for 
surgery and why it is right at this time in their life. The psychiatrist should ascertain if 
the patient has a good understanding: (1) Of the nature and mechanics of surgery as 
well as the possible risks and complications of the procedure; and (2) Of what is expec-
ted postoperatively, including diet, exercise, follow-up, support group attendance, etc. 
If patients are unable to demonstrate a basic and clear understanding of these factors, 
they are referred back to the surgeon and/or nutritionist for additional counseling. It 
is clear that, in order to conduct an accurate investigation of patients’ motivations and 
expectations, the evaluating psychiatrist should have a solid knowledge of the 
physiological and psychological changes caused by bariatric surgery.

Another critical aspect that makes preoperative evaluation different from standard 
psychiatric interview is the dependability of the information reported by patients. 
Bariatric surgery candidates tend to present themselves in an overly favorable light 
during the psychological evaluation. This response style is associated with less 
reporting of psychological problems and might interfere with the accurate assessment 
of patient mental condition[33]. Mental health professionals interviewing bariatric 
candidates should be trained to circumvent patients’ reticence in sharing information 
that could make them not eligible for bariatric surgery. This can be made by 
explaining the importance of psychological assessment for postoperative long-term 
well-being and by assessing personality traits (e.g., impulsivity or attachment style) 
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Table 2 Specific skills required to bariatric psychiatrists

Specific skills

Understanding the complexity of informed consent by bariatric candidates

Capacity to circumvent patients’ reticence in sharing information that could make them not eligible for bariatric surgery

Ability to detect and diagnose problematic eating behaviors other than bulimia nervosa, anorexia nervosa and binge eating disorder

In-depth understanding of psychiatric medication absorption and altered pharmacokinetics after surgery, as well as the impact of psychiatric medication 
on weight loss

that, compared to symptoms, are less subjected to conscious alteration.
As explained previously, bariatric surgery candidates often report problematic 

and/or eating disordered behaviors. For most patients, these eating behaviors 
improve after surgery. A subset, however, experience a recurrence or new onset of 
problematic eating behaviors as early as 2 mo to 18 mo after surgery, which can result 
in compromised weight loss/excessive weight regain[34]. During standard diagnostic 
interviews, clinical psychiatrists generally limit their assessment to symptoms 
reflecting bulimia nervosa, anorexia nervosa or BED. When interviewing bariatric 
patients, the diagnostic scope should be widened to include other problematic eating 
behaviors that are not yet included in official classifications such as grazing, night 
eating, emotional eating, and food addiction.

Finally, psychiatric care of bariatric patients requires a solid background in psycho-
pharmacology. Studies have estimated that approximately 35%-38% of bariatric 
surgery candidates were taking psychiatric medications before surgery[35]. Many of 
these patients continue to take psychotropic medications after surgery. The complex 
management of drug therapy after surgery require an in-depth understanding of 
psychiatric medication absorption and altered pharmacokinetics, as well as the impact 
of psychiatric medications on weight loss and psychiatric symptoms after surgery[36].

CONCLUSION
Bariatric psychiatry is on the move. The role of mental health professionals is currently 
more important than in the recent past and it is likely to gain even greater respons-
ibility in the future. Yet, many clinical questions remain unsolved. We need more long-
term data on outcome measures such as quality of life, adherence to behavioral 
guidelines, risk of suicide, and post-surgery prevalence of psychological disturbances 
and mental disorders. These data will be instrumental in deciding “how much 
psychiatry is too much” for bariatric patients. In fact, whereas some authors have 
argued for more intensive preoperative and postoperative psychosocial interventions
[37], others have even criticized the requirement of preoperative psychological 
evaluation for all patients seeking bariatric surgery[38].
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Abstract
The accelerated population growth of the elderly (individuals aged 60 years or 
more) across the globe has many indications, including changes in demography, 
health, the psycho-social milieu, and economic security. This transition has given 
rise to varied challenges; significant changes have been observed in regard to 
developing strategies for health care systems across the globe. The World Health 
Organization (WHO) is also engaging in initiatives and mediating processes. 
Furthermore, advocacy is being conducted regarding a shift toward the 
salutogenic model from the pathogenic model. The concept behind this move was 
to shift from disablement to enablement and from illness to wellness, with the 
notion of mental health promotion (MHP) being promoted. This article attempts 
to discuss the MHP of elderly individuals, with special reference to the need to 
disseminate knowledge and awareness in the community by utilizing the 
resources of the health sector available in the WHO South-East Asia Region 
countries. We have tried to present the current knowledge gap by exploring the 
existing infrastructure, human resources, and financial resources. There is much 
to do to promote the mental health of the elderly, but inadequate facilities are 
available. Based on available resources, a roadmap for MHP in elderly individuals 
is discussed.
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Core Tip: In gross domestic product South-East Asia Region Organization (SEARO) 
countries, the aging population is increasing exponentially; with this increment, mental 
health issues and care needs are increasing drastically. The mental health promotion of 
elderly people needs adequate awareness, enough human resources and infrastructure, 
good psychosocial support, the use of innovations in care, research, and reasonable 
funding. The mental health care needs of the elderly in SEARO countries are tremen-
dously high, and there is a considerable gap in terms of trained human resources and 
infrastructure. Thus, there is a need to recognize both at-risk activities and the current 
care deficiencies that need to be resolved in the right direction for the potential boom 
that we foresee occurring in the elderly population.
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INTRODUCTION
Demographic scenario
The global population is aging, and life expectancy is following an increasing trend. 
With an increased global growth rate of the elderly population (aged 60 years and 
older), the mental health issues of this group need thoughtful attention. The enormous 
mental health morbidity in this population group gives rise to a higher number of 
consumers of mental health care services. Thus, mental health care needs are also 
increasing. As per the World Health Organization (WHO) report, the global elderly 
population is expected to double by 2050 from the baseline level reported in 2015[1]. It 
is likely that by 2050, four out of every five elderly individuals will be located in low- 
and middle-income countries[1]. By 2019, the number of people in the world who were 
older than 60 years was reportedly 1 billion; this number is expected to increase to 1.4 
billion by 2030 and 2.1 billion by 2050[2]. As the number of elderly individuals in the 
South-East Asia Region Organization (SEARO) is increasing rapidly, their mental 
health care needs will also increase significantly in the days to come.

The era of MHP and healthy aging
Health promotion refers to the process that empowers a person to improve his or her 
strengths to retain health[3]. In contrast, MHP advocates maintaining one’s psycho-
logical well-being by adopting a scheduled routine, lifestyle, and a helpful environ-
ment[4,5]. In the late 19th century, the concept of preventing illness by promoting 
health came into existence after a conference held in Ottawa[3]. Mental health 
promotion (MHP) for elderly individuals stipulates a procedure that attempts to 
develop an integrated approach for providing quality of life to the elderly population 
so that they can lead their life in a meaningful way with dignity. Studies suggest that 
socializing and upgrading one's emotional and functional potentials for MHP may be 
glorified[6].

The WHO's document entitled "Decade of Healthy Aging 2021−2030" discusses the 
concept of healthy aging and emphasizes enhancing the functional abilities of the 
elderly population to promote healthy aging[7]. This document also discusses the 
vision for healthy aging by 2030 and appeals to the government and various other 
stakeholders to invest in and monitor healthy aging among the general population in 
the community[7]. The global strategy and action plan for aging and health 
(2016–2020) emphasizes the long and healthy life of every elderly population in the 
world[8]. The Sustainable Development Goals (SDGs), adopted by the United Nations 
member states, emphasize the good health and well-being of every individual, 
including those who are elderly[9].

Including 11 member states (Bangladesh, Bhutan, Democratic People's Republic of 
Korea, India, Indonesia, Maldives, Myanmar, Nepal, Sri Lanka, Thailand, Timor-
Leste), the SEARO is one of the most heavily populated regions of the world[10]. The 
WHO SEARO caters to nearly one-fourth of the global population and is primarily 
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affected by war, terrorism, political crisis, natural calamities, unemployment, and 
poverty[10]. The training for and teaching about geriatric mental health in the medical 
curriculum in South-East Asia are also inadequate, which affects the care of the elderly 
population[11]. Another major challenge of developing countries is that a large chunk 
of the geriatric population seeks help from nonqualified persons and traditional 
healers for their mental ailments[11]. Many South Asian countries, such as Japan, 
Singapore, China, Malaysia, and Thailand, have undertaken initiatives to develop 
country-specific policies to protect the rights of the elderly population and provide 
them with quality care[12]. The Ministry of Social Justice and Empowerment, 
Government of India, also developed a national policy for older persons in 1999, 
which was subsequently amended as per the needs of the elderly population[13].

Aging and mental health in the SEARO
The significant bulk of the population in the SEARO resides in India. In India, the 
elderly population comprises approximately 104 million individuals, which 
corresponds to 9% of the nation's total population[14]. It has been projected that by 
2026, the elderly population (> 60 years) will rise to 14% of the total population, and by 
2050, it is expected to be 19% of the total population[14].

Older adults globally face several challenges in regard to their deteriorating general 
physical health and increased risk of mental health issues, including neurocognitive 
disorders, loss of job, grief, loneliness, isolation, and abuse[14,15]. All these challenges 
compromise the quality of life of an individual. Commonly encountered mental health 
issues in the elderly are depression, other mood disorders and neurocognitive 
disorders[15-17]. Elderly populations are also victims of negatively expressed 
emotions[15].

There is a lack of resources and infrastructure for the care of the elderly population
[18], which is evident in almost all WHO SEARO regions. In regard to the mental 
health care of the geriatric population, there are even fewer facilities[18]; the 
same/worse scenario is found everywhere in WHO SEARO countries. Generally, the 
geriatric population receives health care facilities from the general health care system, 
alternative medicine, home-based care, and other resources. Unfortunately, a more 
significant proportion of older adults are deprived of timely care for their health 
ailments[15].

The Mental health challenges of elderly
Existing shreds of evidence suggest a massive burden of mental health issues among 
the elderly population. However, in low-income countries, resource scarcity is more 
serious and affects the geriatric population's mental health care[19]. In South-East 
Asia, several countries fall into the group of low-income countries, and their health 
care systems struggle with the scarcity of human resources and infrastructure. It has 
also been reported that the prevailing infrastructure necessary to meet mental health 
care needs among the elderly is sparse in India[20]. As a result of this vast gap in 
health care delivery, the existing health care sectors are overburdened, and older 
adults in need of help are deprived of care. A significant chunk of people with 
dementia live in developing countries. It is expected that by 2040, the exponential 
growth of people living with dementia in South-East Asian countries will exceed 300% 
of the baseline figure reported in 2001[19]. It has also been reported that loneliness is 
commonly seen among 3/4th of older adults suffering from depression[20]. Further-
more, loneliness is a common issue among the elderly and is a well-known risk factor 
for depression. Thus, it may influence perceived social support among the elderly 
population.

Another challenge found in developing countries is the lack or poor implementation 
of policies and programs that facilitate the care and protection of the elderly[21]. 
However, some countries lack specified indicators or targets against which the 
implementation of these policies/programs could be monitored, and some places 
hardly have any existing programs. Resources in terms of budgetary allocations and 
physical and human infrastructure are also questionable in some WHO SEARO 
countries. Such problems may be resolved by promoting the mental health of the 
elderly population, which attempts to sustain the psychological well-being of elderly 
individuals by committed efforts, for which an in-depth need availability vis. a vis. 
gap analysis in terms of various domains, such as housing, safety, security, financial, 
psychosocial, emotional, health, and other ancillary needs, would be required. This 
article attempts to discuss the various dimensions of MHP for the aging population in 
WHO SEARO countries in view of the available mental health resources, needs, and 
existing gaps.
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APPROACH ADOPTED TO UNDERSTAND MHP FOR AGING POPULATIONS IN WHO 
SEARO COUNTRIES
We aimed to accomplish this review with a broad focus on MHP, including general 
and specific questions that are suitable for a comprehensive analysis of the subject. We 
aimed to conduct this review research in view of our own experiences and the existing 
literature on the topic to explore the needs, available resources, and gaps. This led us 
to provide a roadmap for further developments in the field of MHP in elderly 
individuals. The review was conducted in a phasewise manner.

Stage 1-Preparatory phase: First, the corresponding author approached four mental 
health professionals with experience in the field and discussed writing the manuscript. 
After obtaining consent from each participating author, we performed two subsequent 
meetings. Subsequently, the following research questions were identified: what are the 
mental health issues of the elderly population in general, and generally, how are they 
handled? What is needed for the better mental health of the elderly population? What 
services are available to balance the mental health and well-being of the elderly 
population? What health promotion strategies exist to maintain the mental health of 
the elderly population? The discussion led to identifying our research topic. With 
consensus, the topic was finalized as "Mental health promotion for the aging population in 
WHO SEARO countries: Needs and resource gaps." After identifying our review topic and 
question, we discussed the aim and objectives and finalized them. Then, decisions 
were made regarding strings to search the literature, time, and language.

Stage 2-Identification of related articles: With the help of keywords—mental health, 
promotion, and (older adults or Geriatrics or elderly)—two of the authors (VKL and 
NS) started including manuscripts (original and review) initially with the help of 
PubMed. A total of 195 articles were extracted from PubMed; of these, only six articles 
were suitable. Then, using an exact keyword search of articles, PubMed Central (PMC) 
was utilized. PMC revealed 51322 articles, and exploring articles from this huge bulk 
in a limited period was difficult; thus, the string was changed to MHP AND elderly 
OR Older adults AND WHO SEAR, which revealed 327 articles. Of these, only one 
article was found to be relevant. The selection of articles was limited to peer-reviewed 
and pragmatic research related to the goal of our study to make an evidence-based 
foundation to understand the MHP status in WHO SEARO countries.

Furthermore, as per the document's significance, a decision was made to include 
supplementary data from other sources. Documentation of the essential details was 
also performed simultaneously. The primary focus was on MHP, existing MHP 
programs, and related stakeholders. We tried to include almost all the articles and 
references with relevant documentation to avoid missing any related information 
obtained from the subsequent supplementary search.

MHP IN WHO SEARO COUNTRIES-THE STATUS
MHP needs: The WHO states that the basic tenet of MHP for the elderly population is 
active and healthy aging itself[22]. Peace, shelter, education, food, income, a stable 
ecosystem, sustainable resources, equity, and social justice are prerequisites for health. 
Health promotion is not just the health sector's responsibility; rather, it goes beyond 
healthy lifestyles to well-being[23]. With advancing age, few specific issues affect 
mental health, such as physical ailments, financial insecurity, and inadequate social 
support[24]. Promoting mental health in the elderly population depends on helping 
them meet these specific needs, such as financial security, adequate housing, social 
support, general health care, and protection against ageism and abuse[22]. Some of 
these needs are universal and address the whole population, while others are selected 
and as indicated, target those with significant risks[25]. Promoting general health, 
preventing disease, and managing chronic illnesses go a long way in promoting the 
mental health of the elderly population. Therefore, training all health providers in 
working with issues and disorders related to aging is essential. Effective, community-
level primary mental health care for older people is crucial. Health care training, 
education, and support to the caregivers must be provided[22].

The WHO considers the scope for interventions that address the risk factors for poor 
health and modify unhealthy behaviors and functional status to promote the health of 
the elderly population in general. Strategies have been recommended in the manual 
for primary care physicians under Integrated Care for Older People (ICOPE) [26]. 
Apart from this, the WHO has also provided recommendations, strategies, and 
support to member states/government agencies at the global level under different 
comprehensive action plans, including health promotion in general and specific 
strategies for promoting mental health.
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Resources available for MHP: To understand the needs of MHP, the overall resource 
gaps and the ways to mitigate them, it is necessary first to have a general overview of 
the available mental health resources available in all eleven SEARO countries.

Table 1 depicts the availability of facilities in terms of policy, plan, legislation, and 
budgetary allocations[27]. The table is generated based on the Mental Health Atlas of 
2017 and information available about the SDGs of SEARO countries[27-38]. Table 1 
reveals that except for the Maldives and Nepal, most countries spend 5% or less of 
their total gross domestic product (GDP).

Table 1 and Figure 1 also indicate that mental health policies or plans containing 
specified indicators or targets against which the implementation of these plans and 
policies can be monitored are present in most nations but not implemented in 
Bangladesh, the Maldives, and Sri Lanka. However, the stand-alone law for mental 
health is available in all SEAR countries except Bhutan, the Maldives, Myanmar, 
Nepal, and Timor-Leste. However, a dedicated authority or independent body to 
assess the compliance of mental health legislation with international human rights 
exists only in India, Korea, and Thailand. This also provides the periodic inspections of 
facilities and the partial enforcement of mental health legislation (Table 1 and 
Figure 1). Regarding the financial aspects, the government's total expenditure on 
mental health as a % of the total government health expenditure is also below par in 
most SEARO nations, ranging from as low as 0.30% in Thailand to 1.50% in India and 
6% in Indonesia. The WHO recommends that the mental health budget accounts for 
5%–15 % of a country’s health care expenditures (Table 1).

Table 2 shows the mental health human resources (rate per 100000 population) of 
the SEARO countries[27]. The total mental health workers per 100000 population 
ranged from as low as 0.64 in Bhutan to 14.36 in Thailand, but the number of psychi-
atrists available per 1 Lakh population in all SEARO countries showed alarming data 
of even less than one, except in Korea and the Maldives, where it was 5.79 and 2.39, 
respectively. Additionally, among the psychiatrists available, those trained to deal 
appropriately with the complexities of geriatric mental health are scarce.

Table 3 shows the availability of physical infrastructure and its uptake in SEARO 
nations[27]. The outpatient facilities attached to a hospital and community-
based/nonhospital mental health outpatient available are not on par per the 
population of these respective nations. It is also alarming that countries such as 
Bangladesh, Sri Lanka, and Nepal have such a considerable scarcity of mental 
hospitals. Table 3 shows that MHP and prevention strategies are not functional. Data 
regarding the existence of at least two functioning programs are not available for 
Indonesia, Myanmar, and Nepal.

The gap: Table 4 and Figures 2, 3.
The objective of MHP comprises those activities that can enhance one's psycho-

logical well-being. To improve the elderly population's psychological well-being, we 
need to have inclusive legislation, proper mental health services in terms of physical 
and human infrastructure, social and financial security, and an elderly individual-
friendly environment. We have tried to search for such exclusively available resources, 
but there are hardly any in existence. Thus, we have considered overall the available 
facilities for mental health care and other services. The recommendations gap for 
overall human resources are estimated based on the available literature[18,39].

ROADMAP TO THE WAY FORWARD
The WHO recommendations for the ICOPE: To accomplish the MHP activities of the 
elderly, we have to look into the recommendations made by the WHO. These recom-
mendations are related to various domains of individual life linked to essential and 
psychosocial, financial, and environmental amendments.

Nutrition and dietary advice: Although the requirement for energy declines with age, 
due to diminishing sensory faculties such as taste and smell and dental issues, the 
elderly population is at risk for malnutrition. Adequate protein and limited salt intake 
are recommended, and foods with antioxidant properties such as green, yellow, and 
orange vegetables and fruits are recommended. The typical nutritional deficiencies are 
iron, fiber, folic acid, vitamin C, vitamin D, vitamin B12, calcium, zinc, riboflavin, and 
vitamin A[40]. The intake of calcium and vitamin D found in milk, curds, cheese, small 
fish, and certain green vegetables is advised. Exposure to sunlight is necessary to make 
the skin produce vitamin D. The routine prescription of multivitamins to be avoided, 
but vegetarians require vitamin B12 supplementation[40]. These findings have implic-
ations for physical well-being, specifically in terms of preventing cognitive decline and 
maintaining mood. Further, older adults need proper and suitable remedies for their 
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Table 1 Existing health facilities with special reference to mental health (policy/plans/budgetary allocations) in World Health 
Organization South- East Asia Region Organization countries

Mental health policies 
and implementations India Bangladesh Bhutan Indonesia Korea Maldives Myanmar Nepal Sri 

Lanka Thailand Timor-
leste

Current health 
expenditure as share of 
GDP

3.6% 2.4% 3.5% 3.1% Not 
found

10.6% 5.1% 6.3% 4.2% 3.7% 2.4%

Domestic general 
government health 
expenditure

3.1 3.4 8.3 8.3 - 20.2 4.8 5.3 8.6 15.3 3.2

Health worker density 
(per 10000 population)

27.5 8.3 19.3 24.4 81 50 17.9 33.5 31.7 38.15 25.04

Stand-alone policy or 
plan for mental health

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

The mental health 
policy/plan

Yes No Yes Yes Yes No Yes Yes No Yes Yes

Policy/plan in line with 
human rights covenants

5 4 3 5 4 5 4 5 4 5 4

Stand-alone law for 
mental health

Yes Yes No Yes Yes No Yes No Yes Yes No

Dedicated authority or 
independent body 
assessing the 
compliance

Yes No No Not found Yes Not 
found

Nonfunctional Not 
found

Not 
found

Irregular 
and partial

Not 
found

Law is in line with 
human rights covenants

5 2 2 5 3 Not 
found

Not found Not 
found

5 4 5

Existence of at least two 
functioning programs

Yes Yes Yes Not found Yes Not 
found

Not found Not 
found

Yes Yes Yes

Existence of a suicide 
prevention strategy

No No Yes Not found Yes No No No Yes Yes Yes

Total mental health 
expenditure/-person 
(reported currency)

4 INR 2.4 BDT (2.0 
INR)

6.73 BTN 
(6.73 
INR)

Not found 76370.40 
KRW 
(5014 
INR)

Not 
found

58.92 MMK (3 
INR)

Not 
found

Not 
found

46.48 THB 
(112.4 
INR)

Not 
found

The government’s 
expenditure on mental 
health as % of total 
health expenditure

1.30% 0.50% 0.30% 6.00% 3.80% Not 
found

0.36% Not 
found

Not 
found

0.30% Not 
found

GDP: Gross domestic product; BDT: Currency code of Bangladesh; INR: Indian Ruppee; KRW: Korea won; MMK: Official currency of Myanmar; THB: 
Thailand Baht.

health and psychological wellbeing within their limits, which is hard to approach in 
low and middle-income countries[41].

Exercise: Compared to older individuals who exercise and those who do not, the 
former have better physical health and better cognitive functioning. Older people 
should perform at least 150 min of moderate-intensity aerobic physical activity 
throughout the week. When older people cannot perform the recommended amount 
of physical activity due to their health condition, they should be as physically active as 
their abilities and conditions allow[42]. A lower frequency of vigorous physical 
activity is significantly associated with higher rates of diagnosed depression in the 
elderly population[43].

Social support and interaction: Social networks and interactions help promote older 
people's mental health and prevent mental illness. Social support to promote health 
must provide a sense of belonging and intimacy. It also helps people be more 
competent and self-efficacious[43].

Prevention of substance abuse: Chewing tobacco is a common practice among the 
elderly in the South-East Asian region, as is smoking. The intake of alcohol is also 
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Table 2 Availability of mental health manpower in World Health Organization South- East Asia Region Organization countries

Mental health human 
resources1 (per 100000 
population)

India Bangladesh Bhutan Indonesia Korea Maldives Myanmar Nepal Sri 
Lanka Thailand Timor-

leste

Total number of mental health 
professionals (government 
and non government)

25312 1893 5 7751 20301 27 627 413 1480 9436 45

Total mental health workers 1.93 1.17 0.64 3.00 40.13 6.45 1.20 1.44 7.14 14.36 3.63

Psychiatrists 0.29 0.13 0.51 0.31 5.79 2.39 0.38 0.36 0.52 0.99 0.08

Child psychiatrists 0 0 Not 
found

Not found 0.38 Not 
found

Not found 0.003 0.03 0.26 0.24

Geriatric psychiatrists 24 Hardly 
available

Other specialist doctors 0.15 0.01 Not 
found

Not found Not 
found

Not 
found

Not found Not 
found

1.47 1.24 Not 
found

Mental health nurses 0.80 0.87 0.13 2.52 13.66 Not 
found

0.32 0.56 3.28 6.74 1.37

Psychologists 0.07 0.12 Not 
found

0.17 1.59 2.15 0 0.52 0.25 0.75 0.08

Social workers 0.06 0 Not 
found

Not found 8.40 0.48 0.01 Not 
found

0.28 0.91 1.61

Occupational therapists 0.03 0 Not 
found

Not found 0.08 0.24 0 Not 
found

0.22 0.98 0.16

Speech therapists 0.17 0 Not 
found

Not found Not 
found

1.20 Not found Not 
found

0.05 0.19 0.08

Other paid mental health 
workers

0.36 0.03 Not 
found

Not found 10.21 Not 
found

0.47 Not 
found

1.04 1893.45 Not 
found

1This includes trained geriatric psychiatrists only.

Table 3 Available physical infrastructure for providing mental health services in South- East Asia Region Organization countries

Mental health 
infrastructure India Bangladesh Bhutan Indonesia Korea Maldives Myanmar Nepal Sri 

Lanka Thailand Timorleste

Mental hospitals 136 2 Not 
found

48 181 Not 
found

2 6 1 19 Not found

Psychiatric units in general 
hospitals

389 56 1 269 197 1 22 18 31 104 1

Mental health outpatient 
facilities attached to a 
hospital

952 69 28 Not found 518 6 33 29 230 830 6

Private practitioners 1217 Not found Not 
found

Not found 313 Not 
found

3 Not 
found

20 2 69

prevalent. Apart from these issues, benzodiazepine abuse is also common, which adds 
to cognitive and mood deterioration in the long term[24]. Managing these conditions 
would work as a mental health-promoting strategy by reducing the risk of cognitive 
decline and mood dysregulation[40].

Prevention of polypharmacy: Polypharmacy increases cognitive deterioration and 
other geriatric syndromes. The indiscriminate use of appetite stimulants, high-calorie 
nutritional supplements, benzodiazepines, and antimicrobials to treat bacteriuria 
without specific symptoms of urinary tract infections should be avoided as much as 
possible[40].
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Table 4 Estimated human resource requirements for mental health care of elderly individuals in World Health Organization South- East 
Asia Region Organization countries

Human resources 
requirement 
norms for the 
general 
population[37] 

Human resources 
requirement for total 
population of WHO SEARO 
countries on Feburary 18, 
2021(2537079071)a 

Human resources 
requirement for elderly 
population 248633749b 
(@ 9.8%-WHO) SEARO 
countries as per norms 
of general population 

Older adults with mental 
health problems @ 20% 
(tiwari and pandey, 
2012) in SEARO 
49726750 population as 
per general population 
norms 

Availability of 
manpower in 
WHO SEARO 
countries 

The gap 
(requirement -
availability)

Psychiatrists (1 per 
50000 population)

50741.6 4972.7 (4972.7 × 5) 24863.5 994.5 × 5 = 4972.5 9945.2

Clinical 
psychologists 1 per 
25000 population

10148316 9945.3 (9945.3 × 5) 49726.5 1989.7 × 5 = 
9948.5

19893.8

Psychiatric social 
workers 1 for 25000 
population

10148316 9945.3 (9945.3 × 5) 49726.5 1989.7 × 5 = 
9948.5

19893.8

Psychiatric nurses 1 
per 25 000 
population

10148316 9945.3 (9945.3 × 5) 49726.5 1989.7 × 5 = 
9948.5

19893.8

ahttps://www.worldometers.info/world-population/asia-population/ accessed on Feburary 18, 2021.
bhttps://www.WHO.int/southeastasia/health-topics/ageing#:~:text=the%20population%20in%20WHO%20south,2030%20and%20by%202050%2c%20
respectively. Accessed on  Feburary 18, 2021.
WHO: World health organization; SEARO: South-east asia region organization.

Figure 1 Status of available mental health policy, law, authority and suicide prevention strategies in World Health Organization South- 
East Asia Region Organization countries.

The WHO recommendations and support to governments at the global level
The WHO supports member states in strengthening and promoting mental health in 
the elderly population; it also advocates for integrating effective strategies into policies 
and plans. The World Health Assembly adopted the Global Strategy and Action Plan 
on Aging and Health in 2016[41], the objectives of which include the following[42]: 
Commitment to action on healthy aging in every country; Developing age-friendly 
environments; Aligning health systems to the needs of older populations; Developing 
sustainable and equitable systems for providing long-term care (home, communities, 
institutions); and Improving measurement, monitoring, and research on healthy aging.

In May 2017, the World Health Assembly endorsed the Global Action Plan on the 
Public Health Response to Dementia 2017–2025[44]. This plan provides a compre-
hensive blueprint for action, including increasing the awareness of dementia and 
reducing the risk for dementia. Apart from this, the WHO Mental Health Gap Action 

https://www.worldometers.info/world-population/asia-population/
https://www.WHO.int/southeastasia/health-topics/ageing#:~:text=the%20population%20in%20WHO%20south,2030%20and%20by%202050%2c%20respectively
https://www.WHO.int/southeastasia/health-topics/ageing#:~:text=the%20population%20in%20WHO%20south,2030%20and%20by%202050%2c%20respectively
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Figure 2 Estimated requirement and gap of human resources in World Health Organization South- East Asia Region Organization 
countries. 

Figure 3 Available physical infrastructure for providing mental health services in South- East Asia Region Organization countries.

Programme (mhGAP) package consists of interventions for the prevention and 
management of priority conditions such as depression, psychosis, suicide, and 
substance use disorders in nonspecialized health settings, including those for older 
people[45]. Under universal health coverage, the WHO also recommends protecting 
the elderly population from financial risks, designing age-friendly benefit packages, 
and extending social insurance schemes for older people[46], which is another way to 
promote mental health in older people.

Limitation
This article provides an overview regarding the available resources in mental health in 
order to promote the mental health of the elderly population, which can be utilized in 
the community by generating awareness. However, we did not discuss the availability, 
needs, and gaps of various resources, such as housing facilities, social safety, support, 
financial security, etc. Articles were sourced from the PubMed and WHO websites.
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CONCLUSION
Conclusion and Future Implications
With the rapidly shifting aging demographic and changing family dynamics, the 
elderly population forms a sector of the population that needs specific focus. The 
sound mental health of elderly individuals is a cornerstone in ensuring quality and 
dignity of life. Thus, it is crucial to understand the sociocultural and economic factors 
that contribute to their mental well-being. MHP plays a vital role in establishing 
healthy practices, which in the long run sensitize and protect the elderly population 
against the deterioration of overall functionality. Elderly individuals located in the 
WHO SEARO region share remarkably similar sociocultural profiles. The research 
available in this area provides actionable data and clear pathways of MHP to improve 
the existing conditions for the elderly populations in these countries. There is a need to 
identify at-risk behavior and the existing gaps for providing care to elderly 
individuals. At present, we need to address these issues and challenges to maintain 
societal equilibrium and correct the future boom we expect in regard to the population 
of older adults.
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Abstract
Electroconvulsive therapy (ECT) uses a certain amount of electric current to pass 
through the head of the patient, causing convulsions throughout the body, to 
relieve the symptoms of the disease and achieve the purpose of treatment. ECT 
can effectively improve the clinical symptoms of patients with major depression, 
but its therapeutic mechanism is still unclear. With the rapid development of 
neuroimaging technology, it is necessary to explore the neurobiological 
mechanism of major depression from the aspects of brain structure, brain function 
and brain metabolism, and to find that ECT can improve the brain function, 
metabolism and even brain structure of patients to a certain extent. Currently, an 
increasing number of neuroimaging studies adopt various neuroimaging 
techniques including functional magnetic resonance imaging (MRI), positron 
emission tomography, magnetic resonance spectroscopy, structural MRI, and 
diffusion tensor imaging to reveal the neural effects of ECT. This article reviews 
the recent progress in neuroimaging research on ECT for major depression. The 
results suggest that the neurobiological mechanism of ECT may be to modulate 
the functional activity and connectivity or neural structural plasticity in specific 
brain regions to the normal level, to achieve the therapeutic effect.

Key Words: Neuroimaging; Major depression; Electroconvulsive therapy; Magnetic 
resonance imaging; Positron emission tomography; Magnetic resonance spectroscopy
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and after electroconvulsive therapy (ECT) have shown that ECT has effects on specific 
brain areas. However, these ECT-regulated brain regions and their changes are 
uncertain. Based on recent studies with various neuroimaging techniques, this paper 
reviews longitudinal neuroimaging findings in recent years and discusses the relatively 
consistent results.
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INTRODUCTION
Major depressive disorder (MDD) has become a major public health problem 
throughout the world. Approximately 322 million people suffer from depression 
worldwide, with a prevalence rate of 4.4%. More than 1 million people commit suicide 
due to depression every year[1]. Neuroimaging studies have shown that the structural 
and functional alterations in frontal lobe, cingulate gyrus (CG), hippocampus, basal 
ganglia and other brain regions are closely related to the pathogenesis of depression
[2].

Electroconvulsive therapy (ECT) is essentially a method of using electrical current to 
induce epileptiform discharges in the cortex, causing a systemic seizure to control 
mental symptoms. Since ECT was invented by Italian scientists Cerletti and Bini in 
1938, it has been extensively applied to the treatment of mental disorders for > 80 
years[3]. At present, ECT is an indispensable treatment in the field of psychiatry. It is 
still the first choice for patients with severe depression with stubborn suicidal 
thoughts, delusions, and food refusal, followed by schizophrenia and mania[4]. ECT 
has attracted increasing attention in neurologic diseases due to its rapid and high 
response rate in patients with depression[5,6].

Currently, the neural mechanisms underlying the clinical response to ECT for MDD 
remain uncertain, and there are no widely accepted biomarkers that can be used to 
assist in the diagnosis or treatment options for individual patients. It only relies on 
subjective judgments based on clinical features and lacks objective and reliable 
evidence[7]. To facilitate treatment development, a clearer understanding of the neural 
correlates of successful antidepressant responses is essential[8]. Neuroimaging 
technology has the potential to identify objective neurobiological markers that reflect 
the underlying pathophysiological process in a given mental illness, and it is a 
noninvasive research method for observing brain changes. Various neuroimaging 
techniques such as positron emission tomography (PET) and magnetic resonance 
imaging (MRI) have promoted research on neuropsychiatric diseases. At the same 
time, this provides a new window for the study of the therapeutic mechanism of ECT 
in depression.

Longitudinal studies of neuroimaging in patients with major depression before and 
after ECT have shown that ECT has effects on specific brain regions and circuits. Some 
studies in the late 1980s focused on refuting the hypothesis that ECT caused brain 
damage and found no overall evidence of structural changes or harmful effects[9-11]. 
After the first high-resolution (1 mm3) MRI study determined ECT-induced structural 
changes by detecting the increase in hippocampal volume[12], several subsequent 
studies confirmed that ECT can also induce alterations in hippocampal structure and 
other brain regions[13-16]. Recent research using machine learning and MRI can help 
patients and psychiatrists make more informed decisions about ECT as a treatment 
option[17,18]. These studies use machine learning algorithms to identify patients who 
are most likely to benefit from ECT at the individual level. Using these methods also 
helps to discover biomarkers in the brain that can predict the response to ECT 
treatment.

Although an increasing number of neuroimaging studies have attempted to reveal 
the neurological effects of ECT, these ECT-regulated brain regions and their changes 
are usually inconsistent. Therefore, based on recent longitudinal neuroimaging 
findings related to ECT treatment in depression, we investigated the progress made in 
these studies.
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BRAIN FUNCTIONAL IMAGING STUDY FOR DEPRESSION WITH ECT
Functional MRI
Blood oxygenation level-dependent functional MRI (BOLD-fMRI) has been applied in 
the field of brain function research since the 1990s and has become the most rapidly 
developing functional detection technology. BOLD-fMRI has the advantages of being 
noninvasive, nonradioactive, repeatable, and having high temporal and spatial 
resolution. It also allows analysis on a single-subject basis to reflect the dynamic 
activity of neurons and the different patterns of response between adjacent cortices 
throughout the process. The spontaneous low-frequency activity information collected 
in the resting state is defined as the baseline brain function information, which reflects 
the spontaneous functional activities of the central nervous system in the basic state
[19,20]. Therefore, fMRI in the resting state has obvious clinical advantages. Resting-
state fMRI (rs-fMRI) is also particularly suitable for the study of patients with major 
depression because it does not require the patient to perform a specific task. Thus, rs-
fMRI is increasingly widely used in the study of brain function in depression.

ECT can cause changes in the functional connectivity (FC) in specific brain regions 
in patients with depression. These changes may reveal that the clinical improvement 
of depression is related to the treatment effect of ECT through fMRI. Assessing 
changes in FC requires analyzing the differences before and after ECT. In recent years, 
different results have been reported[21]. In the voxel-analysis method, the CG is 
generally regarded as an important area related to ECT. There were significant 
changes in ECT, including a decrease in resting state FC (rsFC) in the left dorsal 
anterior cingulate cortex (dACC) and an increase in rsFC in the bilateral posterior 
cingulate cortex (PCC). Other important areas found in the rsFC after ECT are the 
frontal cortex, parietal cortex and temporal cortex, including the bilateral anterior 
central gyrus, dorsomedial prefrontal cortex, bilateral superior frontal gyrus (SFG), left 
angular gyrus (LAG), left precuneus, bilateral hippocampus, right superior temporal 
gyrus, right island, and cerebellum[21]. For instance, Wei et al[22] adopted FC strength 
(FCS) to identify brain hubs through resting-state fMRI at three time points, i.e., prior 
to ECT, at the completion of ECT, and 1 mo after the completion of ECT. The results 
showed that the FCS of the LAG of patients with depression after ECT was 
significantly increased. Mo et al[23] found that the FC of the LAG with the bilateral 
inferior temporal gyrus (ITG), bilateral middle frontal gyrus, and other areas was sig-
nificantly increased, accompanied by emotional improvement. Sun et al[24] used fMRI 
data to make preliminary predictions of individual response to ECT, and the results 
showed that the predictive areas were concentrated in the prefrontal and temporal 
cortices and the subcortical nuclei.

In seed-based analysis, CG is usually also selected as the seed region. After ECT, it 
was found that rsFC of the left subgenual anterior cingulate cortex (sgACC) with the 
left parahippocampal gyrus (PHG) increased, while rsFC of the contralateral temporal 
pole decreased[25]. During ECT treatment, rsFC of the subcallosal cingulate cortex 
with bilateral hippocampus, bilateral temporal poles, and ventral prefrontal cortex 
was significantly reduced[26]. Some studies also pointed out that rsFC of the sgACC 
with the amygdala and fusiform gyrus changed significantly after ECT treatment. 
Using fMRI data, Leaver et al[27] found that rsFC between the left dorsolateral 
prefrontal cortex (DLPFC) and sgACC was probably an important feature of the ECT 
response to depression. With regard to network-based and region-of-interest (ROI) 
analysis, the changes in rsFC in the left cerebellum, default mode network, ACC, and 
PCC were more frequent after ECT treatment.

ECT can also cause regional functional activity changes in patients with depression. 
It is an important method to study the regional functional activity changes in brain 
regions through fMRI. The indicators include amplitude of low frequency fluctuations 
(ALFF), fractional ALFF (fALFF), and regional homogeneity (ReHo). Qiu et al[28] 
found that ReHo of rs-fMRI showed significant differences in brain activity before and 
after ECT. MDD patients who received eight courses of ECT showed higher ReHo 
values in the bilateral frontal lobes, bilateral parietal lobes, and right caudate nucleus. 
Decreased ReHo values were observed in the left anterior cerebellar lobe, right CG, 
right superior temporal gyrus, and right medial temporal gyrus. Argyelan et al[29] 
used rs-fMRI to compare patients with treatment-resistant depression before ECT with 
normal controls and found that the fALFF of the right cingulate cortex increased 
significantly in patients, suggesting that local brain functional activity is hyperactive. 
The fALFF in the cingulate cortex in patients after ECT was significantly lower than 
that before ECT, and there was no significant difference compared with normal 
controls, indicating that ECT can significantly improve abnormal brain function 
activities. In addition, ReHo of the LAG[23] and ALFF of the dorsal medial prefrontal 
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cortex[30] in MDD patients increased significantly after ECT treatment. In a sham-
controlled fMRI study, Miskowiak et al[31] found that the regulation of medial 
prefrontal hyperactivity during the encoding of negative affectional information may 
be a common mechanism for different biological depression treatments. In response to 
negative emotional stimulation for depression, the activity in the amygdala increases 
abnormally. Redlich et al[32] used fMRI data to find that the patient’s amygdala 
function normalized after ECT.

PET
PET is a modern imaging technology to detect and identify metabolic changes that 
occur prior to structural changes in tissues and organs under disease conditions at the 
molecular level. It measures and displays the biological activities of cells and 
molecules by injecting radioisotope drugs with appropriate half-life into the body. 
According to the concentration of the tracer, cerebral blood perfusion and glucose and 
neurotransmitter metabolism levels can be inferred, and it has the advantages of high 
sensitivity and accurate quantitative analysis.

PET is currently used to study changes in specific neurotransmitter receptors after 
ECT. Masuoka et al[33] used [18F]FE-PE2I PET to examine MDD patients before, during 
and after treatment and found that all patients had a reduced striatal dopamine 
transporter-binding potential (BPND). Combined with the patient’s clinical response, it 
has been proven that the dopamine nervous system is part of the mechanism of ECT. 
Tiger et al[34] used PET and [11C]raclopride to examine patients with severe MDD 
before and after ECT, and healthy controls. Compared with the control group, the [11

C]raclopride binding rate in all three parts of the striatum decreased significantly in 
the patients. However, there was no significant effect of ECT on D2/D3 binding in the 
patients. Baldinger-Melich et al[35] used PET and radioligand [11C]harmine to evaluate 
cerebral monoamine oxidase A (MAO-A) distribution volumes (VT). The results 
showed no significant difference in MAO-A VT between patients with post-ECT 
treatment-resistant depression and healthy controls at baseline. This suggested that 
MAO-A VT is not related to the clinically relevant mechanism of action of ECT. Using 
[18F]Setoperone PET, Yatham et al[36] found that serotonin2 (5-HT2) receptor binding 
was extensively reduced in all cortical regions of MDD patients after ECT. Furthe-
rmore, the reduction in the 5-HT2 receptor in the right PHG, right lingual gyrus and 
right medial frontal gyrus was correlated with the improvement of depressive 
symptoms. These results were consistent with research on antidepressants[37-39]. 
Lanzenberger et al[40] used highly selective radioligand [carbonyl-11C] WY100635-PET 
scans and compared the voxels of serotonin-1A (5-HT1A) receptor binding (BPND) 
before and after ECT. The results showed extensive decreases in cortical and 
subcortical areas, except for the cerebellum and the occipital cortex. This PET study 
proposed the whole-brain involvement of postsynaptic 5-HT1A receptor binding in 
ECT effects.

PET is utilized to evaluate ECT-related changes in [18F]-fluorodeoxyglucose (FDG) to 
measure the rate of local brain metabolism of glucose. The most consistent finding in 
pre- and post-ECT comparisons was decreased glucose metabolism in the bilateral 
frontal medial and inferior frontal areas and right frontal operculum[41]. The areas 
with increased glucose metabolism included the hippocampus, middle temporal lobe, 
left occipital lobe, parietal lobe and pons. Bak et al[42] used [18F]-FDG PET to study the 
efficacy of ECT in a 55-year-old woman with late-onset depression. 18F-FDG 
PET/computed tomography (CT) images of the patient’s brain showed a diffuse 
decrease in brain metabolism. After the patient’s symptoms were improved by ECT, 
her PET imaging showed her brain metabolism was normal. After improving the 
patient’s symptoms through ECT, PET imaging showed that her brain metabolism was 
normal. Hassamal et al[43] adopted 18F-FDG-PET/CT before ECT to show extensive 
hypometabolism in the frontal, parietal and temporal cortices. After eight sessions of 
ECT, symptoms of psychosis and anxiety symptoms as well as cognitive impairment 
were resolved. 18F-FDG-PET/CT showed improvement in hypometabolism of the 
cerebral cortex, especially in the left parietal cortex, left temporal/occipital cortex, and 
bilateral frontal areas. The improvement of brain glucose hypometabolism may 
represent the neurophysiological mechanism of ECT for the treatment of psychotic 
episodes. However, Reininghaus et al[6] reported inconsistent results. They employed 
FDG-PET scans to measure the effects of a series of ECT treatments on brain glucose 
metabolism in depressed subjects before and after treatment. They found that there 
was almost no change in brain glucose metabolism. Therefore, they did not think that 
FDG-PET can evaluate the functional brain changes that may occur after ECT.
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Magnetic resonance spectroscopy
Magnetic resonance spectroscopy (MRS) is used to determine abnormal metabolic 
conditions in tissues by measuring changes in the concentration of metabolites in the 
human body and observing different peaks and ratios of the spectrum curve. MRS is a 
noninvasive detection technology that can measure neurobiochemical information in 
specific brain functional areas and analyze the content of neurobiochemical 
substances. These compounds include γ-aminobutyric acid (GABA), glutamate (Glu), 
choline-containing compounds, N-acetyl-L-aspartic acid (NAA), glutamine (Gln), 
myoinositol, and creatine (Cr).

Glu plays a key role in the pathophysiology of depression[44]. There was evidence 
that the levels of Glu and Gln in pgACC were reduced[45,46], while the concentration 
of Glu in the DLPFC was unchanged[47,48]. ECT caused changes in glutamatergic 
neurotransmission that seem to be closely related to its antidepressant effects[49,50]. 
Njau et al[51] reported that Glx (Glu and Gln) increased in sgACC but decreased in the 
left hippocampus in patients with depression after ECT treatment, and these changes 
were related to the improvement of mood. Glx disorders in MDD patients and the 
regulation of Glx levels by ECT vary from region to region. Although some studies 
reported increased Glx levels in the DLPFC and ACC after ECT[49,52], one study was 
unable to replicate these findings[48]. There were similar contradictory reports for the 
hippocampus. A recent study reported the correlation between elevated hippocampal 
Glx and ECT response in patients with medication-resistant depression[53], while 
another report was unable to confirm these results[54]. In general, brain metabolism of 
Glu has been an important component of ECT efficacy, but there are differences in the 
exact mechanism.

In addition, reduced levels of GABA in cerebrospinal fluid and plasma, as well as in 
the frontal cortex, were reported in patients with depression[55]. Thus, increased 
serum levels and occipital GABA concentrations were observed after ECT[56,57]. 
However, Knudsen et al[58] used MRS to measure GABA changes in the prefrontal 
and occipital cortex in patients before and after ECT. There were no significant 
differences in GABA/Cr levels in the prefrontal cortex or occipital lobe between 
baseline patients and healthy subjects, and there was no statistically significant 
difference in GABA, Glu, glutamine, choline or GSH before and after ECT. They 
concluded that GABA should not be considered a key factor in the treatment of major 
depression with ECT.

NAA is a marker of neurons and axons, and its concentration can reflect the number 
and functional status of neurons. Proton MRS (H-MRS) showed that ECT can increase 
the content of NAA in the anterior CG and amygdala, suggesting that ECT has a 
nerve-promoting effect. Njau et al[51] detected MDD patients with ECT through 1H-
MRS and found that compared with the control group, the content of NAA in the left 
hippocampus of the patients was reduced before treatment. Meanwhile, the NAA 
levels of the dACC and right hippocampus also decreased significantly after ECT 
treatment.

Tosun et al[59] observed the metabolic changes of ACC in MDD patients after ECT 
through 1H-MRS. There was no significant difference in the levels of ACC metabolites 
between the patients and the control group at baseline. ECT was associated with a 
statistically significant decrease in the NAA/Cr ratio in ACC. All patients responded 
to ECT treatment as measured by the clinical scale. These results suggest that a relative 
increase in Cr levels after ECT in MDD appears to be associated with an improvement 
in clinical severity. However, Ende et al[60] found that hippocampal NAA did not 
change after ECT, and the choline content increased, indicating that ECT may be 
related to increased membrane transformation and may reflect neurogenesis.

Because the different neurotransmitter systems involved in the antidepressant effect 
of ECT are connected to each other through a complex signal transduction network 
and the changes in the content of neurobiochemical substances are also complicated, 
the above findings based on MRS have presented inconsistent results.

BRAIN STRUCTURAL IMAGING STUDY FOR DEPRESSION WITH ECT
Structural MRI
ECT can improve brain function and change the brain structure in patients with 
depression. Many MRI structural studies in patients with MDD have shown morpho-
logical abnormalities, mainly manifested as cortical thickness, gray matter volume, 
and white matter integrity[61]. Longitudinal structural neuroimaging studies have 
proven that ECT increases the volume of the hippocampus, amygdala, caudate 
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nucleus, and temporal lobe. Some studies have found that ECT increases the volume of 
the hippocampus and amygdala in the temporal lobe system in patients with 
depression[62-64]. The strongest evidence of structural changes in the brain after ECT 
was an increase in the volume of the temporal lobe and subcortical structures, such as 
the hippocampal-amygdala complex, anterior cingulate cortex and striatum[65].

Voxel-based morphology (VBM) is a powerful and objective method for studying 
brain structural changes in patients with depression before and after ECT through 
MRI. Due to its simplicity of use, VBM has inspired many neuroscientists to charac-
terize specific abnormalities in brain gray matter volume in MDD[66,67].

Some studies have used ROI methods to analyze brain regions closely associated 
with depression. Tendolkar et al[62] took the bilateral hippocampus and amygdala as 
regions of interest and found that ECT could increase the gray matter volume of the 
bilateral hippocampus and amygdala in patients with refractory depression. 
Accordingly, the Hamilton Depression Scale score was significantly reduced after ECT, 
and the severity of depressive symptoms was reduced. Gryglewski et al[68] found that 
structural changes were observed in the hippocampal subregions and amygdala after 
ECT. These structural changes are particularly involved in the pathophysiology of 
depression and stress-related diseases and still have high neuroplasticity in adulthood. 
Cao et al[69] used the latest hippocampal segmentation method and found that ECT 
induced cornu ammonis subfields, granule cell layer, molecular layer, and 
hypothalamic volume increases. It also accurately predicted the quantitative efficacy of 
ECT for each patient. Joshi et al[70] used FreeSurfer to segment the hippocampus and 
amygdala and found that ECT induced neuroplasticity processes related to clinical 
responses, which can correct the reduction in the structure of the hippocampus and 
amygdala associated with MDD. Patients with small hippocampal volumes were most 
likely to show an increase in volume and improve clinical response. Therefore, 
changes in the structure of the hippocampus and amygdala could serve as potential 
biomarkers for the development of other rapidly effective therapies. Jorgensen et al[54] 
used structural MRI (sMRI) of the hippocampus, amygdala, DLPFC, orbitofrontal 
cortex, and hypothalamus and found that the hippocampus and amygdala volume 
increased in patients with major depression after ECT, while the volume of the DLPFC 
decreased slightly. However, due to the lack of correlation between these changes and 
the antidepressant effect, this remodeling of the brain structure does not appear to 
directly affect the antidepressant effect of ECT. Wade et al[8] conducted a longitudinal 
study on the cortical volume, cortical thickness and cortical surface area of the caudate 
nucleus, putamen, pallidum, and nucleus accumbens through surface-based 
morphometry. Compared with the control group, the volume of the nucleus 
accumbens and nucleus pallidum were smaller in MDD patients. ECT caused an 
increase in the volume of the left putamen. In patients defined as responders to 
treatment, there was an increase in overall nucleus accumbens volume and local 
changes in globus pallidus and caudate nucleus volume. Thus, ECT induces structural 
plasticity in the dorsal and ventral striatum/pallium.

In some studies, VBM has been effectively used to evaluate anatomical 
abnormalities in the whole brain. Ota et al[71] found that the volume of the bilateral 
medial temporal cortex, inferior temporal cortex and right anterior CG increased 
significantly after ECT. In addition, the rate of increase was associated with clinical 
improvement as measured by the Hamilton Depression Scale. Van Eijndhoven et al[72] 
compared the brain images of treatment-resistant MDD patients before and after ECT 
with normal controls and found that there was no significant difference in the 
thickness of the whole cerebral cortex between patients before ECT and normal 
controls. After ECT, the patients had increased cerebral cortex thickness in the left 
temporal pole, left middle temporal gyrus, and right insula compared with the control 
group. Meanwhile, the Hamilton Depression Scale score was significantly lower than 
before treatment, with an average decrease of 57%. Sartorius et al[16] analyzed sMRI 
before and after ECT and found that the gray matter volume of the whole brain 
increased in most patients after ECT, while the white matter volume of the brain did 
not significantly change. Further voxel-based morphological analysis showed that the 
volume of gray matter in the bilateral temporal lobe, the middle CG, the insular lobe 
and the putamen increased after treatment. Jiang et al[73] adopted six GM areas 
including the right hippocampus/parahippocampus, the right orbitofrontal gyrus, the 
right ITG, the left posterior middle gyrus/anterior process, the left auxiliary motor 
area and the left lingual gyrus to be identified as predictors of ECT response. They 
revealed that GM density only increased in the left auxiliary motor cortex and the left 
middle posterior gyrus/protrusion after ECT. The results indicate that the treatment 
prediction area and the treatment response area may be anatomically different. Pirnia 
et al[74] found that the thickness increased in the bilateral anterior cingulate cortex, 
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superior temporal cortex etc. ECT resulted in extensive neuroplasticity in the 
neocortex, limbic and paralimbic areas. Moreover, changes in ACC thickness can 
distinguish treatment responders and predict early responses during ECT.

Gbyl and Videbech[75] concluded that current MRI studies do not support the 
hypothesis that ECT causes brain damage. They confirmed that ECT causes an increase 
in the volume of the limbic area of the frontal lobe, and further research should 
explore the relationship between these increases and treatment effects and cognitive 
side effects. Many studies have shown an increase in hippocampal volume following 
ECT, but there are conflicting results as to whether the increase in hippocampal 
volume is associated with clinical response. Other studies have found increased GMV 
or cortical thickness in areas such as the amygdala, frontotemporal cortex, lingual 
gyrus, thalamus, and striatum.

Diffusion tensor imaging
Diffusion tensor imaging (DTI) is a derivative technique of diffusion-weighted 
imaging that can noninvasively detect the direction and integrity of white matter tracts 
by evaluating the diffusion of water molecules in nerve tissue. It has important applic-
ations in neuroimaging research.

Chen et al[76] performed a meta-analysis of microstructural brain abnormalities in 
drug-naïve patients with major depression through DTI. They observed that the main 
areas of fractional anisotropy reduction included the bilateral anterior limb of the 
internal capsule, body of the corpus callosum, right SFG, and right ITG. Gbyl and 
Videbech[74] found that an ECT-induced increase in the integrity of the white matter 
pathways in the frontal and temporal lobes through a meta-analysis of DTI, but the 
correlation between the increase in volume and the treatment effect and the 
mechanism of action of ECT are still uncertain. Yrondi et al[77] found a reduction in 
the hippocampus and left amygdala during ECT in patients with treatment-resistant 
depression using mean diffusivity (MD) measure. They concluded that ECT can 
correct the microstructural integrity of these structures. Gryglewski et al[78] conducted 
a DTI study on patients with treatment-resistant depression using unilateral ECT and 
found that axial diffusivity was increased in the posterior limb of the internal capsule 
in the right hemisphere. Compared with the left hemisphere, the increase in this region 
was higher on the right. However, no correlation between this effect and treatment 
response was found. Repple et al[79] used DTI to analyze the alterations in the white 
matter structure in patients with depression before and after ECT and found that MD 
of the right hemisphere increased after ECT, which was a specific effect in the ECT 
group. Kubicki et al[80] revealed alterations in the structural connections of the 
hippocampal neural circuits after ECT. It also means that glial, neurotrophic or inflam-
matory response mechanisms affect the integrity of the axons. Lyden et al[81] observed 
a significant increase in fractional anisotropy in the dorsal frontolimbic circuits 
including the anterior cingulate, forceps, and left superior longitudinal fascia between 
baseline and transition to maintenance therapy. Radial and MD in overlapping regions 
and anterior thalamic radiation were reduced. Changes in DTI indicators related to 
treatment response indicated that ECT effects significantly differed between MDD and 
control groups. Alterations in white matter microstructure in the pathways connecting 
the frontal and limbic regions that occur in MDD are regulated by ECT and are 
associated with treatment response.

CONCLUSION
In recent years, the rapid development of neuroimaging technologies represented by 
MRI has played a major role in promoting the study of neurological mechanisms of 
mental diseases. With the continuous emergence of new technologies, they have been 
able to provide different levels of physiological and pathological information from 
macroscopic tissue morphology to microscopic subcellular structure, and from blood 
flow and energy metabolism to high-level brain functional networks, which embodies 
the characteristics of multidimensional and multimodal information. Research on the 
neural effects of ECT needs to consider the physical and mental state of patients with 
major depression to adopt appropriate neuroimaging technology. At present, MRI is 
the most commonly used method, and there are very few studies using single-photon 
emission CT.

In general, the findings of current neuroimaging studies are inconsistent. The main 
reasons are as follows: (1) The operating methods of ECT such as electrode position, 
electric dose, and treatment times are different; (2) Data collection and analysis 
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Table 1 Consistent findings in neuroimaging research on electroconvulsive therapy effects

Neuroimaging technologies Methods/measures Relatively consistent findings

Functional connectivity strength Changes in cingulate cortex, frontal cortex, and left angel 
gyrus

fMRI

Functional activity of local brain regions Changes in cingulate cortex and prefrontal cortex

Neurotransmitters Downregulation of brain serotonin receptorsPET

Glucose metabolism Reduction in glucose metabolism after ECT in bilateral 
anterior and posterior frontal areas

MRS Gln/Glx, GABA, NAA, Cho, mI, Cr None

sMRI Gray matter volumn Increase in hippocampus and amygdala

DTI White matter Alterations in microstructure and pathways

fMRI: Functional magnetic resonance imaging; PET: Positron emission tomography; MRS: Magnetic resonance spectroscopy; sMRI: Structural magnetic 
resonance imaging; DTI: Diffusion tensor imaging; Gln: Glutamine; Glx: Glutamate and Gln; GABA: γ-aminobutyric acid; NAA: N-acetyl-L-aspartic acid; 
Cho: Choline-containing compounds; mI: Myoinositol; Cr: Creatine; ECT: Electroconvulsive therapy.

methods are different; (3) Sample size collected for research is too small; and (4) 
Physiological disorders of patients with depression are heterogeneous. Despite these 
shortcomings, it is not possible to fully understand how ECT works, and there are still 
some encouraging findings. Table 1 gives a summary of relatively consistent findings. 
In the fMRI study of ECT treatment, the significant changes in the functional 
connection strength of the cingulate cortex, frontal cortex, and left angel gyrus were 
relatively consistent. Significant changes in the functional activity of the cingulate 
cortex and frontal cortex are also response markers for ECT treatment. For PET 
studies, consistent conclusions include a reduction in glucose metabolism after ECT in 
the bilateral anterior and posterior frontal areas and downregulation of brain serotonin 
receptors. Due to the complex neurobiochemical alterations in the brain, no consistent 
results have been obtained in the current studies on the treatment of depression with 
ECT based on MRS. Many sMRI studies have found that the increased volumes of the 
hippocampus and amygdala are the most important imaging markers for improving 
depression after ECT. Among white matter DTI studies, much evidence supports an 
increase in white matter pathway integrity after ECT.
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Abstract
BACKGROUND 
In contrast to many Western countries, China has maintained its large psychiatric 
hospitals. The prevalence and clinical characteristics of coronavirus disease 2019 
(COVID-19) in inpatients with schizophrenia (SCZ) are unclear.

AIM 
To assess the prevalence of COVID-19 among inpatients with SCZ and compare 
the infected to uninfected SCZ patients in a Wuhan psychiatric hospital.

METHODS 
We retrospectively collected demographic characteristics and clinical profiles of 
all SCZ patients with COVID-19 at Wuhan’s Youfu Hospital.

RESULTS 
Among the 504 SCZ patients, 84 had COVID-19, and we randomly sampled 174 
who were uninfected as a comparison group. The overall prevalence of COVID-19 
in SCZ patients was 16.7%. Among the 84 SCZ patients with confirmed COVID-
19, the median age was 54 years and 76.2% were male. The most common 
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symptom was fever (82%), and less common symptoms were cough (31%), poor 
appetite (20%), and fatigue (16%). Compared with SCZ patients without COVID-
19, those with COVID-19 were older (P = 0.006) and significantly lighter (P = 
0.002), and had more comorbid physical diseases (P = 0.001). Surprisingly, those 
infected were less likely to be smokers (< 0.001) or to be treated with clozapine (P 
= 0.03). Further logistic regression showed that smoking [odds ratio (OR) = 5.61], 
clozapine treated (OR = 2.95), and male (OR = 3.48) patients with relatively fewer 
comorbid physical diseases (OR = 0.098) were at a lower risk for COVID-19. SCZ 
patients with COVID-19 presented primarily with fever, but only one-third had a 
cough, which might otherwise be the most common mode of transmission 
between individuals.

CONCLUSION 
Two unexpected protective factors for COVID-19 among SCZ inpatients are 
smoking and clozapine treatment.

Key Words: Mental health; Schizophrenia; Inpatient; Epidemiology

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In contrast to many Western countries, China has maintained its large 
psychiatric hospitals. The prevalence and clinical characteristics of coronavirus disease 
2019 (COVID-19) in inpatients with schizophrenia (SCZ) are unclear. Our aim was to 
assess the prevalence of COVID-19 among inpatients with SCZ and compare the 
infected to uninfected SCZ patients in a Wuhan psychiatric hospital. Two unexpected 
protective factors for COVID-19 among SCZ inpatients are smoking and clozapine 
treatment.

Citation: Sheng HW, Wang HG, Wang CZ, Wu J, Huo LJ, Wang RX, Zhou YJ, Zhang XY. 
Prevalence and clinical characteristics of COVID-19 in inpatients with schizophrenia in Wuhan, 
China. World J Psychiatry 2022; 12(1): 140-150
URL: https://www.wjgnet.com/2220-3206/full/v12/i1/140.htm
DOI: https://dx.doi.org/10.5498/wjp.v12.i1.140

INTRODUCTION
On December 8, 2019, several cases of acute respiratory illness with unknown etiology 
were reported in Wuhan, Hubei Province, China[1-4], which is now well-known as 
coronavirus disease 2019 (COVID-19) pneumonia (CP)[4-6]. By early January, 2020, the 
Chinese Center for Disease Control and Prevention (CDC) identified the coronavirus 
from samples of bronchoalveolar lavage fluid of a patient in Wuhan[2]. Among the 
initially identified COVID-19 patients, most (73%) were men, and their clinical 
symptoms included fever (98%), cough (76%), dyspnoea (55%), and myalgia or fatigue 
(44%) with less common symptoms being secretion of sputum, headache, and 
diarrhea. All CP patients had abnormal chest CT manifestations, and 63% had 
lymphopenia. Some CP patients had complications such as acute respiratory distress 
syndrome (ARDS), acute cardiac injury, and secondary infection. Six (15%) of the 41 
hospitalized CP cases died[1]. A subsequent study of COVID-19 patients confirmed 
the association in older men with medical comorbidities[3]. Common symptoms 
included fever (99%), fatigue (70%), and dry cough (59%). Laboratory tests showed 
that 70% had lymphopenia, and chest CT displayed bilateral patchy shadows or 
ground glass opacity in the lungs of all patients. As of February 3, the overall mortality 
was 4.3%[4]. The most recent report from the Chinese CDC on the initially confirmed 
425 CP patients in Wuhan found a slightly higher percentage of men (56%) and a 
median age of 59 years. The estimated contagion number was 2.2 with a 95% 
confidence interval (CI) of 1.4-3.9[5], which is substantially greater than that of 
influenza or severe acute respiratory syndrome (SARS), and predicts robust human to 
human transmission through respiratory spread[7-8].
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Schizophrenia (SCZ) is one of the most common severe mental disorders, charac-
terized by positive and negative symptoms and cognitive impairment, affecting about 
1% of the world’s population[9-10]. In China, the prevalence of SCZ is similar, 
suggesting that genetic factors may play a critical role in the occurrence of this disease
[11-12]. Given the huge population of 1.3 billion in China, the number of SCZ 
individuals is very large. Compared with the number of 20000 psychiatrists in China, 
the number of SCZ patients is much larger. Therefore, in the large mental health 
hospitals in China, the resources for managing this COVID-19 epidemic are very 
limited, and these SCZ inpatients are expected to be highly contagious.

Therefore, we investigated the CP situation among SCZ inpatients in one of the 
major psychiatric hospitals in Wuhan during this COVID-19 pandemic with several 
major objectives. First, we sought to estimate the prevalence and clinical characteristics 
of the hospitalized SCZ patients with confirmed CP in Wuhan’s public psychiatric 
hospitals. Second, we compared the clinical profiles, especially the potential risk and 
protective factors, among SCZ patients with vs without symptomatic COVID-19, some 
of whom went on to develop CP and a smaller percentage died from CP.

MATERIALS AND METHODS
Subjects 
The Wuhan Youfu Hospital (Wuhan, Hubei Province, China) housed 586 psychiatric 
inpatients during the COVID epidemic. The first confirmed case of CP at this hospital 
occurred on January 8, 2020. As of February 29, 2020, there were 84 confirmed SCZ 
cases with CP at the hospital, and we included all CP cases in this study. After the first 
case emerged, the hospital set up isolation wards for COVID-19 patients, with airborne 
preventive measures, and immediately transferred all confirmed patients to these 
special wards.

There were eight wards in the hospital. In one ward, there were ten rooms with 60-
80 hospitalized patients. The patients met each other among rooms in one ward. If one 
patient had COVID-19, he or she had an equal opportunity to make all other patients 
in the same room or at the same ward infected. Once a patient was found to have 
symptoms of fever or infection, the entire room was isolated on the spot. Then, the 
fever patient was transferred to a separate ward for isolation treatment, and other 
patients in the ward where the fever patient was located were isolated and observed in 
the room for 14 d.

Just 3 to 4 mo before the outbreak of COVID-19 in September, 2019, the Institute of 
Psychology, Chinese Academy of Sciences randomly recruited 174 patients with SCZ 
from Wuhan Youfu Hospital to conduct another study, which we used as an approx-
imately two to one control group for comparison to the 84 schizophrenics with 
COVID-19 in this study.

The investigation was carried out in accordance with the latest version of the 
Declaration of Helsinki. The Wuhan Youfu Hospital received approval for this study 
from the institutional review board of the Institute of Psychology, Chinese Academy of 
Sciences. Given the urgent need for data collection and retrospective research, no 
written informed consent was required for these current analyses.

Data collection 
We designed a special Case Record Form to collect general information, socio-
demographic data, and clinical, laboratory, radiological, and treatment data from 
electronic medical records for all psychiatric patients with and without confirmed 
COVID-19. Two researchers independently reviewed the data collection forms to 
confirm the accuracy of the data collected. If there were any ambiguous data related to 
COVID-19, such as epidemiological data, we made additional interviews with patients 
or their family members.

COVID-19 was diagnosed according to the World Health Organization (WHO) 
interim guidelines[13], and was confirmed by real-time reverse transcription-
polymerase chain reaction (RT-PCR) or next-generation sequencing assay of throat 
swab specimens[1]. The Wuhan CDC Laboratory confirmed COVID-19 before January 
23, 2020, and the diagnosis was subsequently confirmed in certified tertiary care 
hospitals. RT-PCR testing followed the protocol set up by the WHO. Of 84 SCZ cases, 
58 were laboratory-confirmed and the others were confirmed by chest radiography or 
computed tomography (CT) plus clinical symptoms. In addition, we defined the 
degree of severity of COVID-19 (severe vs non-severe) at the time of admission using 
the American Thoracic Society guidelines for community-acquired pneumonia[14].
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We extracted additional data related to novel coronavirus from electronic medical 
records: History of exposure to novel coronavirus and possible pathway, clinical 
symptoms or signs, laboratory results, and chest radiologic assessments. Laboratory 
assessments included whole blood cell count, coagulation profile, and blood 
biochemical analysis (such as C-reactive protein, albumin/globulin ratio, creatinine 
kinase, myocardial enzymes, liver and renal function, blood glucose and lipid profiles, 
and electrolytes). In addition, we tested for seven types of common viruses (including 
influenza, avian influenza, respiratory syncytial virus, adenovirus, parainfluenza 
virus, SARS-CoV, and MERS-CoV) in throat swab specimens using real-time RT-PCR 
methods. Finally, most patients underwent chest CT or radiography as well as electro-
cardiograms when their physical condition indicated such testing.

Study outcomes
The main endpoints were transfer to a designated COVID-19 hospital due to 
development of a serious condition requiring a ventilator, or death. The secondary 
endpoints were the rate of death and the time from symptom onset to the main 
endpoints[6].

We defined ARDS and shock according to the WHO interim guidelines.

Statistical analysis
We express continuous variables as medians and interquartile ranges or simple ranges, 
as appropriate, and categorical variables as the number and percentages. Since all the 
demographic and clinical data are normally distributed (Kolmogorov-Smirnov one-
sample test, P > 0.05), comparisons of demographic and clinical variables between 
different groups were performed using analysis of variance for continuous variables 
and chi-square test for categorical variables. We used analysis of covariance to control 
for confounding factors. We describe the prevalence of COVID-19 in both sexes with 
percentages and analyzed them by chi-square tests. A binary logistic regression 
analysis was performed to assess which factors were independently associated with 
COVID-19. We applied Bonferroni corrections to each test to adjust for multiple 
testing, and used SPSS (version 18.0, Chicago, IL, United States) to do all statistical 
analyses with a two-tailed significance level at 0.05.

RESULTS
Demographic and clinical features
By February 29, 2020, we identified 84 SCZ inpatients with COVID-19 at Wuhan Youfu 
Hospital. Of the 84 cases, 58 were laboratory-confirmed and the other 26 were 
confirmed by chest radiography or CT plus clinical symptoms. The prevalence of 
COVID-19 among the SCZ inpatients was 16.7% (84/504). The first two SCZ patients 
were diagnosed with COVID-19 on January 8, 2020. Table 1 shows the data for all 101 
psychiatric patients with COVID-19.

Among all the 84 SCZ patients, 64 were male, and the age ranged from 19 to 81 
years with a median age of 54 years. Besides their SCZ disorders, more than half (n = 
44) of the patients with COVID-19 had comorbid physical diseases before they had 
COVID-19, including hypertension (n = 22), diabetes (n = 8), anemia (n = 7), 
leukopenia (n = 7), and cerebral infarction (n = 2).

The most common symptoms of the COVID-19 patients were fever (82%; the highest 
temperature of 40.5 °C, with 4 patients having a temperature ≥ 40 °C), cough (31%), 
poor appetite (20%), and fatigue (16%). Their fewer common symptoms were chest 
tightness (15%) and shortness of breath (11%); however, no patients reported nausea, 
vomiting, or diarrhea.

Radiologic and laboratory measurements
Among the 84 patients, 58 had CT scans, with 50 (86%) having abnormal manifest-
ations. Among the 58 patients with CT scans, 38 (66%) had bilateral lung involvement. 
The most common manifestations of chest CT were ground-glass opacity (51%) and 
bilateral patchy shadowing (46%).

Blood samples were available from 81 patients and 46% had lymphocytopenia, 36% 
had neutropenia, 34% had leukopenia, and 12% had thrombocytopenia. In addition, 
68% of patients had elevated C-reactive protein levels.
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Table 1 Clinical characteristics of psychiatric inpatients with coronavirus disease 2019 based on disease severity

All patients (n = 101) Severe (n = 17) Non-severe (n = 84) F/χ2 P

Age 54.8 ± 12.0 61.3 ± 14.1 53.4 ± 11.2 9.63 0.003

Median (IQR), years 56 (48-63) 65 (57-70) 55 (47-61)

Distribution, years (%) 14.50 0.001

20-49 30 (29.7%) 2 (11.8%) 28 (33.3%)

50-64 51 (50.5%) 6 (35.3%) 45 (53.6%)

≥ 65 20 (19.8%) 9 (52.9%) 11 (13.1%)

Male/female 72/29 (71.3%/28.7%) 10/7 (58.8%/41.2%) 62/22 (73.8%/26.2%) 1.55 0.21

Blood pressure

Systolic pressure 122.2 ± 7.2 119.6 ± 6.8 122.8 ± 7.2 2.80 0.09

Diastolic pressure 77.2 ± 5.5 76.9 ± 4.4 77.2 ± 5.7 0.06 0.81

Diagnosis

Schizophrenia 84 10 74

Bipolar disorder 4 1 3

Alzheimer’s Disease 4 4 0

Mental retardation 3 1 2

Epileptic psychosis 3 0 3

Organic mental disorder 3 1 2

Weight (kg) 62.1 ± 10.3 55.8 ± 7.7 63.2 ± 10.4 1.62 0.21

Smoker/non-smoker 14/76 1/10 13/66 0.40 0.53

Duration of illness (yr) 27.9 ± 11.8 31.7 ± 14.4 27.4 ± 11.4 1.41 0.24

Age of onset (yr) 26.9 ± 11.0 34.3 ± 17.5 25.8 ± 9.4 2.56 0.11

Comorbid physical diseases 43 (48.8%) 13 (76.5%) 40 (47.6%) 4.72 0.03

Antipsychotics 

Clozapine 14 (13.9%) 3 (17.6%) 11 (13.1%) 0.25 0.62

Non-clozapine 87 (86.1%) 14 (82.4%) 73 (86.9%)

Antipsychotic dose (mg) (chlorpromazine equivalents) 239.2 ± 156.2 191.0 ± 164.1 264.4 ± 160.8 3.16 0.08

COVID-19: Coronavirus disease 2019; IQR: The interquartile range.

Treatment
The hospital established isolation wards and once a patient showed suspicious 
symptoms of COVID-19, he/she received laboratory or radiological confirmation, and 
was transferred to these isolation wards. Among all the 84 patients, 70 received 
intravenous or oral antibiotic therapy; 55 took oseltamivir at 75 mg-150 mg/d, and 10 
took umifenovir at 0.3-0.6 g/d. In addition, 14 and 3 patients received cephalosporin 
antibiotics and azithromycin, respectively, in combination with oseltamivir or alone. 
Finally, 17 patients received oxygen therapy and 3 received glucocorticoids.

Among all 84 patients, 13 developed respiratory distress syndrome (RDS), and the 
median duration from onset of COVID to RDS was 8 d (interquartile range, 5-13). 
Finally, 11 patients (13.1%) were admitted to an ICU at another hospital and 8 (9.5%) 
died.

Comparison of SCZ patients with and without COVID-19
Table 1 shows the demographic and clinical characteristics of the SCZ patients with 
and without COVID-19. Compared to patients without COVID-19, patients with 
COVID-19 were older (P = 0.006), had significantly lower weight (P = 0.002) and lower 
systolic pressure (P = 0.005), had more comorbid physical diseases (P = 0.001), and 
were less likely to be smokers (P < 0.001). Since there was a significant difference in 
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antipsychotic treatment between the two groups (F = 14.1, DF = 6, P = 0.03), we further 
divided the patients into a clozapine and non-clozapine treated group, and found a 
significant difference in the infection rates between the two groups (32% in non-
COVID-19 vs 18% in COVID-19; χ2 = 5.42, P = 0.02). All these significant differences 
passed the Bonferroni corrections (P < 0.05) except for clozapine treatment (P > 0.05). 
In addition, there was a trend towards a higher proportion of female patients with 
COVID-19 (P = 0.07).

Table 2 shows results using logistic regression to adjust for these several significant 
characteristics distinguishing those with and without COVID-19. The following 
differences remained significant independent predictors: Comorbid physical diseases, 
smoking, clozapine treatment, and sex. As indicated by the odds ratios and beta 
weights, the schizophrenic patients with a lower risk for COVID-19 were clozapine 
treated males who smoked and had fewer comorbid physical diseases.

DISCUSSION
This first report about COVID-19 among SCZ inpatients contains three key findings. 
First, and most importantly, the mortality rate from CP of 9.5% among these SCZ 
inpatients is remarkably higher than that from COVID-19 found in the general 
population of this epidemic region[5-6]. Second, the most common symptom of 
COVID-19 in these patients was fever (82%) and the less common symptoms included 
cough (31%), poor appetite (20%), and fatigue (16%). Third, some unusual and 
relatively unexpected protective factors for lower rates of COVID-19 included being 
male and treatment with clozapine, as well as more smoking among these SCZ 
patients. In contrast to men and smokers, the general population is at a greater risk of 
contracting COVID-19 and its complications. The other association of risk for COVID-
19 with more comorbid physical diseases is consistent with the general population 
during this epidemic.

The death rate of 9.5% in these SCZ patients with COVID-19 was much higher than 
the death rate of 1.4%-3.2% in the general Wuhan population with COVID-19[6]. These 
striking 3 to 7 fold differences in death rates and failure to survive severe complic-
ations with 62% (8/13) dying once they developed severe complications suggest that 
these SCZ patients may be more vulnerable to more direct progression from severe 
complications to death from COVID-19 and overall less responsive to attempts at 
treating this infection. A large number of epidemiological studies have shown that 
high rates of smoking[14-16], obesity[17-18], diabetes[19-20], and cardiovascular 
diseases[21] occur in SCZ patients, especially in those chronic and medicated patients, 
and that these comorbid disorders may contribute to a 15%-20% reduction in life 
expectancy reported in this population[15-21]. Therefore, the chronic SCZ patients in 
this study may have been vulnerable to higher mortality from COVID-19 based 
primarily on these other illnesses.

Another remarkable feature in our patients with COVID-19 is the relatively low 
contagion rate, in spite of almost all patients having clear and repeated contacts with 
infected patients before these infected patients showed clinical symptoms. We did not 
test for COVID-19 in all 504 patients so we do not know the actual rate of infection in 
this group, but relatively few (17%) showed any signs of COVID-19. This low disease 
rate was remarkable in spite of obvious potential for human-to-human transmission in 
the hospital with its densely populated wards that had 4-6 people in one room. 
COVID-19 may be spread through the respiratory or gastrointestinal tract, but 
gastrointestinal tract symptoms, such as nausea, vomiting, or diarrhea were 
uncommon in these patients, making upper respiratory tract contagion most likely.

While the most common symptom of fever in 82% of our CP patients was consistent 
with the 89% community rate, cough frequency (31%), which was much less than the 
community rate of 68%, might have contributed to the relatively lower contagion rate 
in these hospitalized patients[1-6]. Moreover, the cough frequency may have been low 
because of the sedative influence of antipsychotic medication. Additionally, fewer of 
our patients had gastrointestinal symptoms like nausea or vomiting (5%) and diarrhea 
(4%) than found in the community[6]. Reasons for these symptom differences may 
include biological differences in the disease of SCZ and specific medication effects. For 
example, antipsychotic agents can reduce nausea, vomiting, and diarrhea[22], masking 
these symptoms in COVID-19, and we found a specific effect of clozapine in reducing 
risk of COVID-19 induced symptoms and possibly infection itself. From another 
perspective, we found that nearly half of our patients with COVID-19 exhibited 
reduced white cell counts, including 46% with lymphocytopenia, 36% with leuko-
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Table 2 Characteristics of schizophrenia patients with or without coronavirus disease 2019

COVID-19 patients (n = 84) Non-COVID-19 patients (n = 174) F, Z or χ P

Age (yr) 54.6 ± 9.5 51.1 ± 9.5 7.65 0.006

Gender (Male/ Female) 64/20 (76.2%/23.8%) 137/31 (78.7%/17.8%) 3.36 0.07

Marital status 1.06 0.59

Single 45/75 (60.0%) 104/160 (65.0%)

Married 9/75 (12.0%) 21/160 (13.1%)

Divorced 21/75 (28.0%) 35/160 (21.9%)

Weight (kg) 62.0 ± 10.3 67.8 ± 16.6 9.40 0.002

Blood pressure 

Systolic pressure 122.5 ± 7.2 125.5 ± 8.0 7.98 0.005

Diastolic pressure 77.3 ± 5.7 76.6 ± 6.0 0.81 0.37

Smoker/non-smoker 11/65 92/74 35.8 0.000

Duration of illness (years) 29.4 ± 11.0 27.4 ± 10.3 2.09 0.14

Age of onset (years) 25.4 ± 7.9 23.8 ± 7.3 2.06 0.15

Comorbid physical diseases 43 (48.8%) 44/164 (26.8%) 11.9 0.001

Antipsychotics 14.1 0.03

Olanzapine 18 (21.4%) 16 (9.2%)

Risperidone 16 (19.0%) 45 (25.9%)

Clozapine 15 (17.9%) 55 (31.6%)

Quetiapine 13 (15.5%) 18 (10.3%)

Aripiprazole 11 (13.1%) 17 (9.8%)

Ziprasidone 4 (4.8%) 5 (2.9%)

Typicals 7 (8.3%) 18 (10.3%)

Antipsychotic dose (mg/d) (chlorpromazine equivalents) 264.4 ± 160.8 226.9 ± 152.8 3.16 0.08

COVID-19: Coronavirus disease 2019.

penia, and 34% with neutropenia, and 12% had thrombocytopenia and 68% had 
elevated C-reactive protein levels. While these findings are consistent with community 
patient reductions during COVID-19[1,3,6], antipsychotic drugs, especially clozapine, 
also are associated with low blood cell counts[23-25]. Therefore, protective effects of 
clozapine in our patients remain interesting, but in need of replication, while adverse 
factors in our SCZ patients, such as physical diseases, older age, and lower weight 
(caused by malnutrition), clearly appear to be risk factors for COVID-19 and its severe 
complications including death.

The three protective clinical factors of clozapine treatment, smoking, and being male 
have remarkable associations with COVID-19 among our SCZ inpatients. Moreover, 
the logistic analysis found significant independent contributions from these three 
factors for developing COVID-19 symptoms and complications. Biological mecha-
nisms that might contribute to clozapine’s association are its anti-inflammatory effects 
by inhibiting a NOD-like receptor family and the pyrin domain-containing protein-3 
inflammasome[26]. Immunosuppression and anti-inflammatory effects of nicotine and 
smoking may also be a mechanism for the protective effects of smoking on COVID-19. 
We previously found that SCZ smokers had significantly decreased IL-2 and IL-6 
levels, supporting that nicotine may cause immunosuppression in SCZ patients[27].

The association between smoking and COVID-19 has become a controversial topic 
in the world [28-29]. It is well known that smoking is harmful to health, and COVID-19 
is just another example of how smoking may cause lung damage and makes a person 
at higher risk for COVID-19 and its complications. However, the most recent epidemi-
ological survey demonstrates that current smoking status may protect against COVID-
19[30], which may be based on the molecular biology of nicotinic receptor[31]. A recent 
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hypothesis has proposed that the nicotinic acetylcholine receptor may play a pivotal 
role in the pathophysiology of COVID-19, and nicotine and nicotinic agents may be a 
possible treatment for COVID-19[30]. Thus, our finding that smoking had a protective 
effect on COVID-19 among the SCZ inpatients appears to provide the new clinical 
support for this hypothesis. However, due to the limited sample size in this study, our 
finding should be replicated in a larger sample of smoking SCZ patients in further 
investigation. In addition, angiotensin-converting enzyme-2 (ACE2) receptor is a novel 
adhesion molecule through which SARS-CoV-2 can invade target cells causing 
COVID-19[32,33]. Interestingly, some recent studies found a connection between 
smoking and COVID-19[34]. Moreover, smokers had higher ACE2 gene expression 
than never-smokers, while nicotine may up-regulate ACE2 receptors, suggesting that 
smokers may be more susceptible to COVID-19, and smoking may exacerbates 
mortality[35]. Taken together, the relationship between smoking and COVID-19 is still 
contradictory, which deserves further study.

Our study has some limitations. First, a few cases had missing or incomplete 
symptom data due to the urgent situation in providing treatments. Second, about one-
third of patients did not have COVID-19 laboratory tests to confirm their diagnosis 
due to restrictions in testing availability. Third, due to the much older age of the SCZ 
patients with COVID-19, some had unavoidable recall problems with some clinical 
data. Fourth, since many patients were still in the hospital when we extracted the data, 
and the outcome was unknown at the time of data cutoff, we were only able to use 
data about their clinical outcome at the time of data analysis. More patients may have 
died, for example, beyond the window of this study timeframe, and we did not have 
data on the prevalence of asymptomatic COVID-19 within this inpatient population to 
enable an accurate assessment of contagion among these inpatients. Fifth, there is a 
lack of the data on the possible change of mental clinical state in the infected patients. 
Hence, we did not know whether there was any change in their symptoms of SCZ at 
the time of their infection.

CONCLUSION
In summary, we have found a seemingly higher prevalence of COVID-19 among the 
SCZ inpatients than that in the general population in Wuhan. Moreover, the 9.5% 
mortality of these patients with CP is remarkably higher than that in the general 
population from this region. These findings suggest that these primarily SCZ patients 
may be more vulnerable to death from severe complications of COVID-19 and need 
rapid and intensive interventions once clinicians detect COVID-19. While some 
symptoms like fever occurred at similar rates in our patients and in the community, 
other symptoms like cough and gastrointestinal symptoms were less common, and 
other symptoms, such as poor appetite and fatigue, were substantially more common 
in our SCZ patients. Less coughing may have reduced contagion and lack of vomiting 
and diarrhea may have limited fecal spread. Finally, our SCZ patients with COVID-19 
had several high risk factors. These infected patients were older, had lower weight and 
more comorbid physical diseases, and unexpectedly, had a less smoking rate and less 
treatment with clozapine. It appears that clozapine treatment and smoking may be 
protective for COVID-19 among SCZ inpatients, perhaps related to nicotine and 
clozapine immunosuppression, which deserves further exploration.

ARTICLE HIGHLIGHTS
Research background
In contrast to many Western countries, China has maintained its large psychiatric 
hospitals. The prevalence and clinical characteristics of coronavirus disease 2019 
(COVID-19) in inpatients with schizophrenia (SCZ) are unclear.

Research motivation
In the large mental health hospitals in China, the resources for managing this COVID-
19 epidemic are very limited, and these SCZ inpatients are expected to be highly 
contagious.
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Research objectives
To assess the prevalence of COVID-19 among inpatients with SCZ and compare the 
infected to uninfected SCZ patients in a Wuhan psychiatric hospital.

Research methods
We retrospectively collected demographic characteristics and clinical profiles of all 
SCZ patients with COVID-19 at Wuhan’s Youfu Hospital.

Research results
Among the 504 SCZ patients, 84 had COVID-19, and we randomly sampled 174 who 
were uninfected as a comparison group. The overall prevalence of COVID-19 in SCZ 
inpatients was 16.7%. Among these 84 SCZ patients with confirmed COVID-19, the 
median age was 54 years and 76.2% were male. The most common symptom was fever 
(82%), and less common symptoms were cough (31%), poor appetite (20%), and 
fatigue (16%). Compared with SCZ patients without COVID-19, patients with COVID-
19 were older (P = 0.006), significantly lighter (P = 0.002), and had more comorbid 
physical diseases (P = 0.001). Surprisingly, those infected were less likely to be 
smokers (< 0.001) or to be treated with clozapine (P = 0.03). Further logistic regression 
showed that smoking [odds ratio (OR) = 5.61], clozapine treated (OR = 2.95), and male 
(OR = 3.48) patients with relatively fewer comorbid physical diseases (OR = 0.098) 
were at lower risk of COVID-19. The SCZ patients with COVID-19 presented primarily 
with fever, but only one-third had a cough, which might otherwise be the most 
common mode of transmission between individuals.

Research conclusions
Two unexpected protective factors for COVID-19 among these SCZ inpatients are 
smoking and clozapine treatment.

Research perspectives
Clozapine treatment and smoking may be protective for COVID-19 among SCZ 
inpatients, perhaps related to nicotine and clozapine immunosuppression, which 
deserves further exploration.
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Abstract
BACKGROUND 
The capacity of posttraumatic stress disorder (PTSD) to occur with delayed onset 
has been documented in several systematic reviews and meta-analyses. Neurobio-
logical models of PTSD may provide insight into the mechanisms underlying the 
progressive increase in PTSD symptoms over time as well as into occasional 
occurrences of long-delayed PTSD with few prodromal symptoms.

AIM 
To obtain an overview of key concepts explaining and types of evidence 
supporting neurobiological underpinnings of delayed PTSD.

METHODS 
A scoping review of studies reporting neurobiological findings relevant to 
delayed PTSD was performed, which included 38 studies in the qualitative 
synthesis.

RESULTS 
Neurobiological mechanisms underlying PTSD symptoms, onset, and course 
involve several interconnected systems. Neural mechanisms involve the neurocir-
cuitry of fear, comprising several structures, such as the hippocampus, amygdala, 
and prefrontal cortex, that are amenable to time-dependent increases in activity 
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through sensitization and kindling. Neural network models explain general-
ization of the fear response. Neuroendocrine mechanisms consist of autonomic 
nervous system and hypothalamic-pituitary-adrenocortical axis responses, both of 
which may be involved in sensitization to stress. Neuroinflammatory mechanisms 
are characterized by immune activation, which is sometimes due to the effects of 
traumatic brain injury. Finally, neurobehavioral/contextual mechanisms involve 
the effects of intervening stressors and mental and physical disorder comorbidi-
ties, and these may be particularly relevant in cases of long-delayed PTSD.

CONCLUSION 
Thus, delayed PTSD may result from multiple underlying neurobiological 
mechanisms that may influence the likelihood of developing prodromal 
symptoms preceding the onset of full-blown PTSD.

Key Words: Posttraumatic stress disorder; Delayed expression; Sensitization; Neurobio-
logy; Neuroendocrine; Neuroinflammatory

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Multiple neurobiological mechanisms underlying delayed expression of 
posttraumatic stress disorder contribute to sensitization, kindling, and generalization 
leading to increasing symptoms, through epigenetic, neuroinflammatory, neuroen-
docrine, and neural interactions.
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INTRODUCTION
Posttraumatic stress disorder (PTSD) with delayed expression (also known as delayed 
PTSD or delayed-onset PTSD) is a diagnostic category that applies to people who first 
meet the criteria for a PTSD diagnosis at least 6 mo following exposure to a traumatic 
event[1]. While the majority of people who develop PTSD do so within the first wk or 
mo following the traumatic encounter, a significant minority of people with PTSD 
present delayed expression of the disorder[2-4]. Since the inclusion of the PTSD 
diagnosis in the Diagnostic and Statistical Manual of Mental Disorders (DSM) in 1980, a 
delayed category has been discerned[5]. Subsequently, the capacity of PTSD to occur 
with delayed expression has been documented in several systematic reviews and 
meta-analyses[2-4]. A proper understanding of the neurobiological basis for delayed 
expression of PTSD is clinically useful since it has implications for diagnostic 
assessment in both treatment and forensic settings and in the context of litigation. 
Specifically, neurobiological models of PTSD may explain variability in the 
progressive increase in PTSD symptoms over time following exposure to trauma that 
characterizes PTSD with delayed expression. Neurobiological mechanisms and 
systems are likely to play a central role in determining the duration of the prodromal 
phase, the presence of prodromal symptoms and mental and physical disorder 
comorbidities.

Because delayed expression is the exception rather than the rule, neurobiological 
mechanisms underlying delayed PTSD have received limited research attention. We 
therefore conducted a scoping review to obtain an overview of key concepts 
explaining and types of evidence supporting neurobiological underpinnings of 
delayed PTSD. The research questions were to determine what role neurobiological 
mechanisms have in the delayed expression of PTSD, and how neurobiological 
mechanisms contribute to explaining the occurrence of delayed PTSD following a long 
asymptomatic interval.
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MATERIALS AND METHODS
Search strategy
Since our aim was to provide an overview of key concepts and types of evidence, we 
performed a scoping review[6]. We searched for publications examining the role of 
neurobiological mechanisms in developing delayed PTSD. The PRISMA scoping 
reviews checklist[7] was used to ensure correct reporting. We did not register the 
review protocol. The search was performed in early December 2020 in the following 
databases (all in the Ovid platform): PsycINFO; Ovid Medline ALL, Ovid Evidence 
Based Medicine Reviews (EBM Reviews - Cochrane Database of Systematic Reviews 
and EBM Reviews - Database of Abstracts of Reviews of Effects) and Embase. We 
based the search strategy on the two research questions and several lead articles 
(which we presented to Ovid Citation Analyzer to harvest search terms). We built a 
search strategy in PsycINFO (Ovid), which we then adapted to the other databases. 
The full search strategy for PsycINFO can be found in Supplementary Table 1. The 
search terms were grouped into clusters. For Question 1 (the role of neurobiological 
mechanisms in developing delayed PTSD), we had these clusters: etiology and 
neurobiological factors (sets 1 through 5), late-onset PTSD (set 6), and study types (sets 
8 through 11). For Question 2 (delayed PTSD with a long-term asymptomatic interval), 
we used the following clusters: late-onset PTSD (set 6), remission and asymptomatic 
periods (set 7) and study types (sets 8 through 11). These clusters were combined 
using Boolean operators, and the combined clusters for question 1 (set 12) and 
question 2 (set 13) were combined. The search results were imported into Endnote and 
deduplicated using the method outlined elsewhere[8]. Supplementary Table 2 shows 
the number of items retrieved in each search system, the number of duplicates and 
thus the new articles collected. These articles were then screened for inclusion in this 
review.

Study selection
To screen and select articles, we used Rayyan, a web-based program for systematic 
reviews[9]. The screening process consisted of three phases: (1) Stepwise inclusion of 
records based on titles and abstracts with the aid of automatic Rayyan keywords for 
inclusion; (2) Manual inclusion and exclusion of records based on the inclusion and 
exclusion criteria; and (3) Manual exclusion of articles based on the full text. Records 
were eligible if they were: (1) About trauma and PTSD; (2) About delayed onset; (3) 
About neurobiology; and (4) About causal mechanisms or risk factors. Therefore, 
records were excluded if they reported studies that were: (1) Not about trauma and 
PTSD; (2) Not about delayed onset; (3) Not about neurobiology; or (4) Not about 
causal mechanisms or risk factors. Additionally, duplicate items were excluded. 
During the first phase, the references including the keywords in Table 1 were retained. 
In the second phase, two researchers (GS and JL) independently reviewed the titles 
and abstracts of the remaining 438 items, which had been preselected based on the 
keywords. In this phase, we used the same criteria as earlier, as outlined in Table 2. 
After this phase, 60 articles were screened based on the full text by the first author. 
Twenty-two articles were excluded, thus arriving at a final selection of 38 articles. 
Figure 1 shows a PRISMA diagram for an overview of the process.

Statistical analysis
The selected articles were divided into human studies (n = 22), animal studies (n = 4), 
and review studies (n = 12). From human studies, we abstracted the following data: 
population (N), the type of trauma or stressor, assessment times, type of PTSD 
assessment, prevalence of PTSD and delayed PTSD, and neurobiological observation 
methods. From animal studies, we abstracted the following data: types of animals (N), 
type of trauma or stressor, assessment times, observed anxiety and delayed effects, 
and neurobiological observation methods. From review studies, we abstracted the 
included study types (human and/or animal) and summarized the review focus. An 
overview of the included human, animal, and review studies is presented in Tables 3, 
4 and 5, respectively. A detailed overview of human studies is provided in 
Supplementary Table 3.

RESULTS
The included studies reported three types of neurobiological mechanisms, specifically 
neural, neuroendocrine and neuroinflammatory mechanisms. In addition, included 
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Table 1 Study Selection Phase 1: Keywords used for stepwise including (and thus excluding) items

Criterion
Input for 
this 
criterion

Automatic keyword screening (Rayyan): Used keywords for include Included Thus 
excluded

1 5659 Trauma; traumas; traumatic; traumatized; traumatised; posttraumatic; PTSD 5194 465

2 5194 Asymptomatic; bridging; delayed; dormant; emerge; emerges; emerging; increase; increases; increasing; 
interval; late; latency; latent; onset; progression; progressive; symptom-free 

2287 2907

3 2287 Adrenal; adrenalin; allostatic; ANS; autonomous; biochemical; biological; biology; biomarker; 
biomarkers; brain; cell; ceruleus; chemokine; coeruleus; cortex; cortisol; corticosteroids; corticosteroid; 
CT; cytokine; cytokines; DNA; epicortisol; epigenetic; epigenomic; epinephrine; frontal; genetic; 
hippocampus; hippocampal; HPA; hydrocortisone; hypothalamic; hypothalamus; imaging; immune; 
immunological; inflammation; LC; marker; markers; MRI; NE; nervous; neurobiological; neurobiology; 
neuroimaging; noradrenalin; norepinephrine; parasympathetic; PET; phenotype; phenotypical; 
pituitary; PNS; prefrontal; psychobiological; psychobiology; SNS; SPECT; stem; sympathetic

716 1571

4 716 Amnesia; amnesic; amnestic; cause; causal; dissociation; dissociative; factor; mechanism; mechanisms; 
predictor; protective; risk; sensitisation; sensitised; sensitization; sensitized; stage; staging; susceptibility; 
trigger; vulnerability

455 261

455 Deduplication 438 17

ANS: Autonomous nervous system; CT: Computed tomography; HPA: Hypothalamic-pituitary axis; LC: Locus coeruleus; MRI: Magnetic resonance 
imaging; NE: Norepinephrine; PET: Positron emission tomography; PNS: Parasympathetic nervous system; SNS: Sympathetic nervous system; SPECT: 
Single photon emission computed tomography; PTSD: Posttraumatic stress disorder.

Table 2 Study Selection Phase 2: Manual title and abstract screening, inclusion and exclusion

Criterion Input for this criterion Manual title and abstract screening: Record refers to Inclusion Exclusion

1 438 Trauma and PTSD 308 130

2 308 Delayed onset 73 235

3 73 Neurobiology 62 11

4 62 Causal mechanisms or risk factors 60 2

60 Full-text articles assessed for eligibility 60

PTSD: Posttraumatic stress disorder.

studies reported neurobehavioral/contextual pathways. The following sections will 
summarize the findings for each of these types of mechanisms and pathways. An 
overview of the interconnected neural, neuroendocrine, neuroinflammatory, and 
neurobehavioral/contextual systems is presented in Figure 2.

Neural mechanisms
Studies of neural mechanisms of PTSD have focused on identifying brain structures 
involved in fear learning and modeling structural and functional characteristics 
underlying PTSD symptoms, onset, and course.

The neurocircuitry of fear
Animal research has identified the amygdala, medial prefrontal cortex (PFC), and 
hippocampus (the so-called limbofrontal neurocircuitry of fear) as the key regions 
involved in the acquisition, regulation, and extinction of conditioned fear[10].

Amygdala: The most consistent functional abnormality in human PTSD studies is 
increased amygdalar responsiveness to emotional stimuli, which may or may not be 
trauma specific. A hyperactive amygdala has been associated with the heightened fear 
and hyperarousal of patients with PTSD[11]. Consolidation of cued and contextual fear 
conditioning has been found to be mediated by epigenetic modifications in the 
amygdala[12].

In a study of healthy trauma-exposed rescue ambulance workers, an increased 
volume in the left amygdala was found. Left amygdalar volumes positively correlated 
with suppressed morning salivary cortisol concentrations[13], suggesting amygdalar 
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Table 3 Overview of Human Studies

Ref. Population (n) Trauma/stressor Assessment times

Admon et al[14], 
2013

Soldiers (33) Treating a fellow soldier with severe combat 
injury

Pre-deployment and 18 mo later

Alway et al[30],
2016

TBI patients (85) Motor vehicle accidents (76.5%), other accidents, 
assaults

6 mo, 1-, 2-, 3-, and 4-yr post-injury

Bryant et al[29], 
2009

Traumatic injury patients with no (708) or 
mild TBI (459)

Transport accident, assault, fall, work injury, 
other injury

During hospital admission and at 3 
mo post-injury

Bryant et al[28], 
2013

Road traffic accident survivors admitted to 
trauma hospital (1084)

Transport accident, assault, fall, work injury, 
other injury

During hospital admission and at 
3-, 12-, and 24 mos post-injury

Busso et al[21], 
2014

Adolescents exposed to bombing (78) Terrorist attack at the 2013 Boston marathon 1 year prior to trauma (n = 44), 4-6 
wk posttrauma (n = 78)

Cacciaglia et al
[13], 2017

Healthy rescue ambulance workers (18), 
non-exposed matched controls (18)

Exposed group: vehicle accident (41%), traumatic 
loss of a loved one, domestic violence, childhood 
abuse

Cross-sectional; trauma occurred a 
mean of 7.41 yr ago

Chase et al[39], 
2015

Help-seeking veterans (16) and family 
members (10)

Exposure to blast during employment to combat-
intense settings

Cross-sectional; > 7 yr after 
exposure

Do Prado et al[31], 
2017

Adolescents with childhood trauma (30), 
controls without history of early life stress 
(27)

Sexual abuse, physical abuse, emotional abuse, 
physical neglect, emotional neglect

Cross-sectional; maltreatment 
ended > 12 mo ago

Gandubert et al
[19], 2016

Emergency room patients (123) Physical assault, sexual assault, serious accident, 
other

During the first week and at 1-, 4-, 
and 12 mos post-trauma

Gil et al[35], 2005 Traumatic brain injury patients (120) Traffic accident < 1 week, 3 mo, and 6 mo later

Glenn et al[27], 
2017

Soldiers deployed to Afghanistan (852) Combat experience, difficult living and working 
environment

4 wk before and 22 wk after 
deployment

Jung et al[47], 2019 Community-dwelling women (nurses) 
(50020)

Various self-reported on Brief Trauma 
Questionnaire

Biennial from enrollment

Monfort  and 
Trehel[44], 2017

93-year-old veteran (1) WW II combat experiences 65 years later

Roy et al[36], 2015 Combat veterans without PTSD, 
depression, or post-concussive syndrome < 
2 mo after return (81)

Deployment to Iraq or Afghanistan > 3 mo < 2 mo after return, 3, 6, and 12 mo

Smid et al[26], 2015 Deployed soldiers (693) 4 mo deployment to Afghanistan 2 mo prior to deployment and 1-, 6-
, 12-, and 24 mo following 
deployment

Solomon and 
Mikulincer[42], 
2006

Combat veterans with combat stress 
reaction (CSR) (131) or without (83)

1982 Lebanon War 1, 2, 3, and 20 yr after the war

Solomon et al[41], 
2017

Ex-prisoners of war (101), combat controls 
(15)

1973 Yom Kippur War 18, 30, 35, 42 yr after the war

Stein et al[43], 2013 Community-dwelling (25,018) Lifetime exposure to 27 traumatic events Cross-sectional

Uddin et al[32], 
2010

PTSD-affected (23) and -unaffected 
individuals (77) from large sample

Lifetime exposure to 19 traumatic events Cross-sectional

Vaiva et al[20], 
2005

Hospitalized traumatology patients (78) Road traffic accident 1  and  6 wk, 12 mo

Wang et al[33], 
2015

Blunt chest trauma patients (57) Motor vehicle accidents (61.4%), falls, other 
accidents

1, 3, 6 mo

Waszczuk et al
[46], 2020

First responders (1490) Working at the World Trade Center site, New 
York following the 9/11, 2001 terrorist attacks

Mean = 7.75 monitoring visits per 
1.49 yr, PTSD diagnosis at 12 yr

involvement in sensitized neuroendocrine responses (see below).

Hippocampus: Guided by evidence from animal studies demonstrating how stress can 
have a destructive effect on the hippocampus, a brain structure critical for learning 
and memory, studies in humans have frequently reported reduced hippocampal 
volume in patients with PTSD[11]. An abnormal hippocampus has been suggested to 
mediate PTSD-related deficits in the appreciation of safe contexts and contextual 
memory[11]. Indeed, epigenetic modifications in the hippocampus have been shown 
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Table 4 Overview of animal studies

Ref. Animals (n) Trauma/stressor Assessment 
times

Anxiety and delayed 
effects

Neurobiological observation 
methods

Ardi et 
al[15], 
2014

Rats: naïve (12), 
swim (12), swim + 
reminder (R) (12), 
UWT (12), UWT + 
R (12)

Rats were given daily 1-minute 
swim trials for 5 days. On day 6, 
‘swim’ rats had an additional 
swim trial, and ‘UWT’ rats were 
swimming and then held 
underwater for 30 s using a net. 
On day 7, rats from the 
‘reminder’ groups were exposed 
to 30 s of swimming

Following the 
‘reminder’, rats 
were tested after 
30 min.; ‘swim’ 
and ‘UWT’ rats 
were tested on day 
7

Undergoing UWT 
results in reduced 
exploration in the open 
field even 24 h after the 
trauma compared to 
‘swim’ and ‘naïve’ 
groups. Exposure to the 
reminder resulted in 
significantly enhanced 
anxiety behavior

electrophysiological recordings of 
hippocampal dentate gyrus GABA-ergic 
local circuit activity: paired-pulse 
inhibition (reflecting feedback 
inhibition), frequency-dependent 
inhibition (reflecting feed-forward 
inhibition), long-term potentiation; 
biochemical analysis: amygdala 
extracellular-signal-regulated kinase 
activity

Justice 
et al
[45], 
2015

Mice: wild type 
controls (43)  and 
PTSD-group (65), 
Alzheimer’s 
Disease model 
controls (76)  and 
PTSD-group (145)

Mice in the PTSD group were 
immobilized for 2h on boards 
with tape in a brightly lit area. 
For the reminder, the procedure 
was repeated during 15 min.

2–3 mo and 6–12 
mo

Animals displayed 
elevated anxiety and 
slightly elevated startle 
amplitudes

resting and peak plasma corticosteroid 
levels, cerebrospinal fluid beta-amyloid 
levels

Serova 
et al
[25], 
2019

Rats: 1 wk 
following stress 
(57), 2 wk 
following stress 
(42), controls (56)

Rats were immobilized for 2 h on 
a board by taping the limbs and 
restricting motion of the head, 
then subjected to forced swim for 
20 min.

1 or 2 wk 
following stress

At 1 week, 17.5%, and 
at 2 wk, 57.1% of 
animals displayed 
severe anxiety

Gene expression in the mediobasal 
hypothalamus and locus coeruleus (LC), 
immunohistochemistry

Wilson 
et al
[34], 
2013

Rats: PTSD-group 
(10), controls (10)

PTSD group rats were secured in 
plexiglas cylinders and placed in 
a cage with a cat for one hour on 
days 1 and 11 of a 31-day stress 
regimen, and their cage cohort 
was changed daily

day 0, day 12, day 
31

The PTSD group 
displayed significantly 
higher anxiety than the 
control group, and 
significantly diminished 
growthrate over the 31-
day stress period

Growth, plasma (corticosterone), adrenal 
glands (weight, oxidative stress), and 
hippocampus, amygdala, and pre-frontal 
cortex (oxidative stress and 
inflammatory markers: interleukin-1β, 
NALP3-inflammosome, glyceraldehyde 
3-phosphate dehydrogenase)

UWT: Underwater trauma; GABA: Gamma aminobutyric acid; NALP3: NACHT, LRR and PYD domains-containing protein 3 (also: nucleotide-binding 
domain, leucine-rich repeat family pyrin domain containing 3); PTSD: Posttraumatic stress disorder.

to be specifically involved in mediating contextual fear learning[12]. In deployed 
soldiers, reductions in hippocampal volume and connectivity with the ventromedial 
PFC from pre- to postdeployment were found to be related to concurrent increases in 
PTSD symptoms, whereas predeployment low hippocampal volume was not 
associated with outcomes in terms of PTSD symptoms[14]. However, this latter 
finding should not be regarded as contradicting prior evidence from homozygotic 
twins suggesting that smaller hippocampal volume is a predisposing risk factor for 
PTSD[11,14]. Probably, the effects of predisposing and acquired neural abnormalities 
are interrelated, such that reduced hippocampal volume may predispose to PTSD, yet 
at the same time development of PTSD can cause a secondary loss of hippocampal 
volume over time[11].

Animal research on hippocampal involvement in fear learning revealed time frames 
related to hippocampal fear memory processing. Consolidation of hippocampus-
dependent fear memory can be evaluated 24 h after training, whereas consolidation of 
remote memory becomes evident at least 7 days after training, when memories from 
the hippocampus have been integrated for maintenance in the cortex[12]. In animal 
models of PTSD based on fear conditioning following shock exposure, exposure to a 
novel, neutral tone provides an index of fear sensitization[12]. Importantly, the 
expression of sensitized fear to a novel auditory cue has been found to increase with 
time after shock exposure[12].

A study in rats following underwater trauma exposure and subsequent exposure to 
a trauma reminder one week later[15] demonstrated the impact of trauma reminders 
on both the hippocampus and amygdala. While exposure to underwater trauma 
resulted in increased local circuit inhibitory feedback activity in the hippocampal 
dentate gyrus, exposure to the trauma reminder resulted in an additional increase in 
local circuit inhibitory feed-forward activity. Reminder exposure also resulted in 
impaired hippocampal dentate gyrus long-term potentiation and amygdalar 
extracellular-signal-regulated-kinase-2 (ERK2) activation, supporting the notion that 
under emotional conditions, the amygdala modulates stress-induced alterations in the 
dentate gyrus through the modulation of hippocampal ERK signaling[15].
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Table 5 Overview of review studies

Ref. Study 
types Review focus

Admon et al[11], 
2013

Human Reviews predisposing and acquired neural abnormalities that can be discerned based on PTSD neuroimaging studies 
that include genetic, environmental, twin, and prospective data

Belda et al[22], 
2015

Animal Reviews sensitization: A phenomenon whereby exposure to a particular stimulus triggers a state of hyperresponsiveness

Kim et al[18], 2019 Human, 
animal

Reviews influences of chronic exposure to stress on the immune system, resulting in increased proinflammatory 
cytokine levels. Focuses on changes in the amygdala, hippocampus, PFC, and insula, that are particularly influenced by 
excess cytokines

McFarlane[17], 
2000

Human Focuses on people who develop PTSD de novo, i.e., without preexisting disorder at the time of the traumatic event that 
may have acted as a risk factor to the onset of PTSD

McFarlane[23], 
2010

Human Examines the issue of the timing of the onset of PTSD following exposure to traumatic events

McFarlane et al
[16], 2002

Human Reviews the knowledge from neural networks to model a framework for exploring the relationship between 
neurobiology, cognition, and behavior in PTSD

McFarlane et al
[40], 2017

Human Argues that major advances in the biological treatments of PTSD depend on a more sophisticated classification of PTSD 
that acknowledges the heterogeneity of this condition

Michopoulos et al
[24], 2015

Human Reviews putative PTSD biomarkers with specific emphasis on the interaction between neurobiological influences on 
disease risk and symptom progression

Smid et al[38], 2003 Human Reviews risk factors for delayed PTSD, including combat trauma, stressful events after the trauma and previous 
emotional problems

Soreq[37], 2010 Human, 
animal

Reviews effects that are often reported yr after prophylactic treatment with cholinesterase inhibitors for protection 
under threat of chemical warfare, e.g., during the Gulf War, and their similarity to symptoms of PTSD

Wilker  and 
Kolassa[10], 2013

Human, 
animal

Reviews genetic risk factors in PTSD etiology from the perspective of a psychobiological model, which proposes that 
intrusive memories, the core PTSD symptom, result from the formation of an associative neural fear network, which 
stores sensory-perceptual representations of traumatic memories

Zovkic et al[12], 
2013

Human, 
animal

Discusses epigenetic regulation of PTSD in human studies and in animal models and ways in which these models can be 
expanded. Reviews the literature that directly addresses the involvement of epigenetics in PTSD and puts it into the 
broader context of epigenetics in stress and fear learning

PTSD: Posttraumatic stress disorder; PFC: Prefrontal cortex.

Prefrontal cortex: The PFC has been found to display abnormal function and structure 
in PTSD patients. Specifically, aspects of the medial sections of the medial PFC and 
anterior cingulate cortex (ACC) have been associated with patients’ deficits in 
emotional regulation[11]. Connectivity studies, either functional or structural, have 
shown deficient connectivity between the amygdala and/or the hippocampus to the 
frontal lobe, which could contribute to difficulties that patients with PTSD have in 
integrating cognitive control over the emotional neural system[11]. Abnormal 
structure of the amygdala and dorsal ACC and their heightened responsivity to 
emotionally negative stimuli may represent predisposing neural abnormalities that 
increase the likelihood of developing PTSD following exposure to trauma[11]. 
Reduced volumes in medial PFC structures (specifically, the rostral ACC, ventro-
medial PFC, and orbitofrontal cortex), as well as reduced ventromedial PFC 
connectivity with the hippocampus, if acquired following exposure to trauma, may 
lead to PTSD susceptibility[11].

Neural network models
According to neural network models of PTSD, the structure of the neural networks 
involved in the processing of traumatic memories becomes progressively modified by 
the repeated replay of these memories through iterative learning, top-down activation 
and pruning[16]. Noradrenergic neurons play a central role in coordinating the 
interaction of multiple cortical regions, and functional alterations in the noradrenergic 
system leading to dysfunctional modulation of working memory in PTSD contribute 
to intrusive traumatic recollection[16]. Modifications of neural networks have a 
secondary effect of kindling in the hippocampus that further moderates the 
individual's sensitivity to a range of stressors[16]. The fear network model assumes 
that every new trauma activates the same memory structure, given that different 
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Figure 1 PRISMA flow chart. PTSD: Posttraumatic stress disorder.

Figure 2 Neural, neuroendocrine, neuroinflammatory, and contextual mechanisms underlying delayed expression of posttraumatic stress 
disorder. Solid arrows indicate direct effects, open arrows indicate indirect effects. ANS: Autonomic nervous system; HPA: Hypothalamic-pituitary-adrenal; PTSD: 
Posttraumatic stress disorder.

traumatic experiences share important elements[10]. With each new traumatic event, 
sensory-perceptional elements are added, and the interconnections of the emerging 
fear network strengthen. With multiple traumatic events, the network will contain 
conflicting contextual information from different events. Hence, the memory for 
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context weakens with increasing traumatic load, followed by the emergence of 
intrusive symptoms[10]. An individual exposed to sequential trauma who has 
developed PTSD after a particular traumatic event may develop intrusive and 
distressing memories of previously experienced traumatic events that had not 
previously led to symptoms. Due to the pruning of dendrites, inappropriate fusion of 
memory networks occurs, which explains how a particular traumatic event can serve 
as an activator of previous traumatic memories[16]. Furthermore, the triggers for 
intrusive traumatic memories become increasingly more subtle and generalized[16].

Neuroendocrine mechanisms
Neuroendocrine mechanisms involve both neural and endocrine (hormonal) 
components. Two major neuroendocrine systems have been implicated in the stress 
response, one involving the autonomic nervous system and the other involving the 
hypothalamic-pituitary-adrenocortical (HPA) axis. Below, findings relevant to delayed 
PTSD regarding both neuroendocrine systems are summarized.

Autonomic nervous system responses
The autonomic nervous system responses to stressor exposure involves activation of 
neurons in the locus coeruleus (LC), the major noradrenergic (norepinephrinergic) 
nucleus of the brain involved in the regulation of arousal and autonomic activity, 
leading to adrenalin (epinephrine) release via the sympatho-adrenal medullary 
pathway. Autonomic hyperarousal is a risk factor predicting the course of PTSD[17]. 
Decreased activity of the parasympathetic nervous system, along with increased 
activity of the sympathetic nervous system, have been observed in PTSD[18]. In 
emergency room patients, the waist-to-hip ratio and systolic blood pressure were 
associated with PTSD 4 and 12 mo later; both measures are biomarkers of autonomic 
nervous system responses. A higher level of overnight urinary norepinephrine 
predicted PTSD at 4 mo, and body mass index at baseline was associated with a 12 mo 
PTSD diagnosis[19]. Gamma amino-butyric acid (GABA) is inversely associated with 
the intensity and duration of the central hyperadrenergic response in times of high 
stress. In hospitalized traumatology patients, lower GABA levels one week after 
hospitalization predicted PTSD 12 mo later. Among victims without PTSD at 6 wk, 
80% of subjects with GABA levels below 0.20 nmol/mL developed delayed-onset 
PTSD[20]. Adolescents who were exposed to a terrorist bombing attack and who had 
had high levels of sympathetic reactivity during a Trier Social Stress Test (specifically, 
shorter preejection period on impedance cardiography) preceding the attack exhibited 
an elevated risk for PTSD symptoms compared to adolescents with low sympathetic 
reactivity in a context of low levels of exposure to media coverage of the attacks. In the 
context of high levels of media exposure, youth with high and low sympathetic 
reactivity exhibited equally high levels of PTSD symptoms. Thus, adolescents with low 
sympathetic reactivity developed PTSD symptoms only following high exposure to 
media coverage of the attack[21]. These results suggest that in the absence of pre-
exposure vulnerability for PTSD, additional superimposed stress may be needed to 
trigger PTSD symptom onset.

HPA axis response
The HPA axis response to stressor exposure in humans involves activation of neurons 
in the hypothalamus that secrete releasing hormones, such as corticotrophin releasing 
hormone (CRH), that act on the pituitary to promote the secretion of adrenocortico-
tropic hormone (ACTH), which in turn acts on the adrenal cortex to initiate the 
synthesis and release of glucocorticoid hormones, specifically cortisol. Exposure to 
systemic or high-intensity emotional stressors is followed by HPA axis sensitization. In 
some studies, with acute immune stressors, HPA sensitization appears to develop over 
time (incubation), but most studies find a strong initial sensitization that progressively 
declines over the days[22]. HPA axis cross-sensitization to heterotypic stressors is best 
observed with short duration (5-15 min) novel challenging stressors[22]. In addition to 
HPA axis (cross-) sensitization, behavioral sensitization, reflected in different types of 
animal tests related to fear conditioning and anxiety-like behavior, can be observed, 
especially following the imposition of a new, brief stressor. Behavioral sensitization 
appears to persist longer than that of the HPA axis, suggesting long-term latent effects 
of the initial exposure[22].

In the domain of the HPA axis, the process of sensitization explains why individuals 
with PTSD become unusually reactive to stress, which is manifested as exaggerated 
behavioral and biological responses to environmental challenge[23]. A study of 
healthy trauma-exposed rescue ambulance workers reported hyposuppression of 
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salivary cortisol in a dexamethasone challenge test. HPA axis sensitization appeared to 
be associated with amygdalar activity. Specifically, left amygdalar enlargement 
correlated with suppressed morning salivary cortisol[13]. These findings suggest that 
asymptomatic, trauma-exposed individuals develop neurobiological features similar 
to those in patients with PTSD. However, it is unclear whether and how prior trauma 
exposure affects the time of onset of PTSD symptoms following exposure to 
subsequent traumatic events.

Emerging genetic and epigenetic findings related to PTSD risk vs resilience have 
focused on modulators of HPA axis function prior to and following trauma[24]. In a 
study of gene expression in HPA axis-related brain regions in rats exposed to a single 
prolonged stressor, the percentage of animals displaying severe anxiety increased 
strongly from 17.5% at one week to 57.1% two wk after stress. This single prolonged 
stressor elicited time-dependent changes in gene expression for CRH and 
neuropeptide Y (NPY) systems in the locus coeruleus and hypothalamus. The locus 
coeruleus displayed prolonged activation, with enhanced gene expression for CRH 
receptor 1 and reduced gene expression for NPY and Y2 receptors. In the mediobasal 
hypothalamus, sustained increased CRH gene expression was found, but there was a 
flip in alterations of gene expression for glucocorticoid receptor (GR), FK506 binding 
protein 5 (FKBP5) and NPY receptor at two wk compared to one week. Although gene 
expression for GR and FKBP5 was increased over levels in unstressed rats at 1 wk, it 
was downregulated by 2 wk. Similarly, robust increases in Y2 receptor and Y5 receptor 
gene expression were observed at 1 wk, but after 2 wk, only the Y5 receptor differed 
from the unstressed levels and was downregulated to half the levels that were 
observed in unstressed rats[25]. These findings illustrate the cascade of neurobio-
logical alterations underlying progressive symptom development following trauma.

Neuroinflammatory mechanisms
An accumulating body of evidence suggests that cytokines play a role in processes 
such as fear learning and memory that are involved in the pathogenesis of PTSD[18,26,
27]. High levels of proinflammatory cytokines associated with injury, inflammation, 
and severe psychological stress have been shown to exert direct detrimental effects on 
memory functioning and neural plasticity[18,26]. Studies of traumatic brain injury 
(TBI) survivors have yielded additional insights into PTSD progression over time[28-
30].

Immune activation
Different mechanisms have been suggested to underlie immune activation following 
exposure to psychological trauma. In adolescents exposed to childhood maltreatment
[31], evidence of immune activation and proinflammatory profiles was found, as well 
as more circulating lymphocyte subsets associated with cell activation and signs of 
early immunological aging. Underlying mechanisms included enhanced activation of 
both mitogen-activated protein kinase (MAPK) and nuclear factor kappa B (NFκB) 
signaling pathways and partial resistance to glucocorticoids, specifically, decreased 
lymphocyte sensitivity to dexamethasone[31]. In a cross-sectional study of PTSD-
affected and PTSD-unaffected individuals, peripheral epigenomic and cytomega-
lovirus immune response profiles associated with PTSD were consistent with 
traumatic events inducing downstream alterations in immune function by reducing 
methylation levels of immune-related genes[32]. In hospitalized blunt chest trauma 
patients, transfusion, injury severity, and high-mobility group box 1 Levels, a key late 
mediator of systemic inflammation after one week, were predictive of PTSD at 6 mo, 
including delayed PTSD[33].

In soldiers reporting high combat stress exposure, both high mitogen-stimulated T-
cell cytokine production and high innate cytokine production were associated with 
increases in PTSD symptoms in response to postdeployment stressful life events. In 
soldiers exposed to low combat stress and those with low cytokine production, postde-
ployment stressful life events were not associated with increases in PTSD symptoms. 
The effects of postdeployment stressful life events on the course of PTSD symptoms 
after a return from deployment largely depended on combat stress exposure as well as 
immune reactivity following return from deployment. High combat exposure does not 
by itself lead to increased sensitivity to postdeployment stressful life events but only in 
the presence of immune activation, as evidenced by high T-cell and innate cytokine 
production. Additionally, immune activation by itself is not sufficient to lead to 
increased reactivity to stressful life events, but only following high combat stress 
exposure. These findings suggest both beneficial and detrimental effects of high 
cytokine production, depending on the subsequent occurrence of stressful life events
[26].
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Heightened activity of the immune system may cause alterations in the structure 
and function of brain regions such as the amygdala, hippocampus, and PFC through 
changes in the levels of serotonin and kynurenine pathway metabolites and direct 
neurotoxic effects of cytokines[18]. Neurotoxic cytokine signaling may occur in 
conjunction with the production of reactive oxygen species (ROS). A study using a 
predator exposure/psychosocial stress animal model of PTSD found that proinflam-
matory cytokines and ROS were elevated in the amygdala, hippocampus, and PFC of 
the rat brain, indicating increased oxidative stress and inflammation. In addition, 
oxidative stress and inflammation were elevated systemically, as evidenced by 
increased ROS and proinflammatory cytokines in the adrenal glands and circulating 
blood. Importantly, within-group comparisons in the PTSD group of rats demons-
trated that superoxide levels and total reactive oxygen species levels progressively 
increased during the stress regimen[34].

Traumatic brain injury
Studies of TBI survivors contradict the idea that TBI and PTSD are nonoverlapping 
conditions, as the loss of consciousness and amnesia associated with TBI have been 
shown not to protect against PTSD. In a study of hospitalized trauma survivors with 
mild TBI, of the 55 participants with memory of the traumatic event, 13 (23%) 
developed PTSD, and of the 65 participants without memory of the traumatic event, 
there were still 4 (6%) who developed PTSD[35]. In another study of TBI patients, the 
duration of posttraumatic amnesia (PTA) did not significantly differ between 
participants with acute and delayed-onset PTSD[30]. In a prospective cohort study of 
traumatic injury patients, mild TBI patients were even more likely to develop PTSD at 
3 mo following injury than non-TBI patients. No associations were found between the 
duration of PTA and PTSD symptoms, but longer PTA was associated with less severe 
intrusive memories at baseline[29]. The absence of early intrusive symptoms may be 
associated with an increased likelihood of delayed PTSD. Indeed, in long-term 
prospective follow-up assessments in the same cohort, in the group with no PTSD at 3 
mo, PTSD severity at 24 mo was predicted by PTSD severity during hospitalization, 
the presence of mild TBI, and the number of days spent in the hospital[28].

In soldiers deployed to Afghanistan, TBI was found to be associated with alterations 
in fear learning and extinction[27]. Experiencing multiple TBIs within a 2- to 3-year 
time frame exacerbated conditioned fear, and elevated learned fear contributed to the 
risk for PTSD after TBI[27]. In combat veterans who had been deployed to Iraq or 
Afghanistan for over 3 mo and who had no PTSD, depression, or postconcussive 
syndrome within 2 mo after return, independent predictors of PTSD after one year 
were single nucleotide polymorphisms in the genes coding for two proteins related to 
neuronal recovery: myelin basic protein and brain-derived neurotrophic factor; MBP 
and BDNF may work in concert to protect against or enhance recovery from brain 
injury, thereby mediating the risk of long-term mechanical and psychological injury
[36]. Additional predictive factors were elevated resting state connectivity on 
functional MRI between the right amygdala and left superior temporal gyrus and 
reduced volume on MRI of the right superior longitudinal fasciculus tract, connecting 
the frontal lobe with the parieto-temporal brain regions[36]. Elevated resting activity 
in the auditory cortex, which is part of the superior temporal gyrus, may prime the 
brain for enhanced vulnerability to sensory impressions.

In addition to traumatic brain injury, exposure to noxious agents may accompany 
psychological trauma, particularly in combat-exposed soldiers. An example was the 
prophylactic treatment with cholinesterase inhibitors, e.g., as prescribed during the 
Gulf War for protection of soldiers under threat of chemical warfare[37]. Robust 
elevations in acetylcholine levels occur in both PTSD and during treatment with 
cholinesterase inhibitors. Acetylcholine interactions with receptors induce, through a 
calcium-dependent mechanism, the early immediate transcription factor c-Fos. This 
parallels the immediate stress response, since the expression of c-Fos is drastically 
elevated within minutes under stress[37]. Long-term, persistent brain changes occur at 
a very slow pace, sometimes over years. The initial phase of the feedback response 
probably leads to delayed cascades of the transcription of relevant genes[37].

Intervening stressors
In a review of studies of delayed PTSD[38], several prospective studies provided 
evidence for stressful life events in the period following exposure to trauma to increase 
the risk of delayed PTSD. In a prospective cohort study of traumatic injury patients, in 
participants who had no PTSD at 3 mo, PTSD severity at 24 mo was predicted by the 
number of adverse life events after the 3 mo assessment, accounting for as much as 9% 
of the variance[28]. In deployed soldiers, the effects of postdeployment stressful life 
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events on the course of PTSD symptoms after return from deployment have been 
shown to depend on combat stress exposure as well as immune reactivity following 
return from deployment[26]. Postdeployment stressors occur in a context of 
readjustment to civilian life that may be complicated by a gradual unfolding of 
symptoms. In a study of veterans and their family members following deployment-
relayed traumatic brain injury[39], participants reported that veterans "downplayed" 
their injuries and later "detached" themselves from friends, family, and communities 
and "denied" or were "oblivious" to their circumstances until a "wake-up call" pushed 
them to "get help." Most veterans said that they simply did not see that anything was 
wrong, while others usually attributed their issues, at least initially, to aging, stress, 
being tired or overworked or as a part of readjusting to civilian life[39].

Comorbidity
Mental and physical disorder comorbidities may need to be considered as potentially 
impacting the onset and course of PTSD.

Systemic dysregulation: Based on prospective studies providing substantial evidence 
about biological abnormalities that precede the full-blown disorder, PTSD has been 
conceptualized as a systemic disorder characterized by metabolic and immune dysreg-
ulations that are reflected in increased rates of cardiovascular and autoimmune disease
[40]. A staging model of PTSD has been proposed[40] with the initial stages being 
characterized by: (1) Asymptomatic downregulation of glucocorticoid receptor 
sensitivity and increased amygdalar reactivity; (2) Undifferentiated symptoms of mild 
anxiety and distress, inflammatory cytokine activation, and decreased response 
inhibition in the frontal cognitive systems; and (3) Subsyndromal distress with some 
behavioral and functional decline, increased physiological reactivity to trauma-related 
stimuli and startle response, and prolonged autonomic arousal on provocation[40]. A 
staging model implies that although an array of putative biomarkers associated with 
PTSD risk and symptom progression have been identified across distinct biological 
domains, specific biomarkers might be relevant at one time point, e.g., heart rate 
immediately following trauma exposure, and not at another[24]. The severity of 
exposure to traumatic stress may be crucial in determining the risk of systemic 
comorbidity. In a long-term prospective study of combat soldiers and prisoners of war 
(POWs)[41], ex-POWs were almost 3 times more likely to develop metabolic syndrome 
than combat-exposed controls; blood levels of CRP were abnormally high in a large 
percentage of ex-POWs and were related to the level of physical and psychological 
stressors experienced during captivity. Chronic and delayed PTSD trajectories were 
associated with elevated CRP levels and metabolic syndrome[41].

Combat stress reaction: In a long-term prospective study of combat veterans with or 
without a combat stress reaction (CSR) diagnosis following participation in frontline 
battles with no indication of serious physical injury and other psychiatric disorders, 
CSR increased the risk of chronic but not delayed PTSD. Delayed PTSD, defined as 
onset at 2, 3, and/or 20 years after nonendorsement at year 1, was endorsed by 23.8% (
n = 20) of the no-CSR group and 16.1% (n = 21) of the CSR group[42].

Dissociation: Peritraumatic dissociation, i.e., experiences of depersonalization or 
derealization during exposure to a traumatic event, has been suggested to predict the 
course of PTSD[17]. Dissociative amnesia, i.e., awareness of ‘time loss’, may occur 
following exposure to trauma and may exist in delayed PTSD prior to the onset of 
symptoms[38]. In a large cross-sectional survey of dissociative symptoms in people 
with PTSD[43], depersonalization and derealization were associated with high 
incidence of re-experiencing symptoms. Dissociation among people with PTSD has 
been associated with childhood onset, exposure to a high number of prior traumatic 
events, and childhood adversities and is not related to trauma type[43].

Depression: Depressive disorders represent stress-responsive syndromes that often 
cooccur with PTSD, and PTSD and depressive disorders share several overlapping 
symptoms. A sensitization process to depressive states has been described, which 
predicts that with recurrent episodes of depression, there will be a progressive 
diminution of the role of environmental stressors[23]. The concepts of sensitization 
and kindling have been extensively studied in PTSD and a range of other psychiatric 
disorders and highlight the commonality of etiological mechanisms, particularly with 
depressive disorders[23].

Alzheimer’s disease: A case report[44] described a WW2 veteran who, following 
several asymptomatic decades of successful adaptation to traumatic memories, 
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developed Alzheimer’s disease and the associated cognitive autonomy loss, which 
subsequently led to the emergence of late-onset posttraumatic stress disorder. Animal 
research has provided evidence that stress biology interacts with biological 
mechanisms underlying neurodegenerative disease to produce comorbidities such as 
late-life PTSD. In a mouse model of Alzheimer’s disease[45], exposure to PTSD-like 
inducing trauma elevated cerebrospinal fluid beta-amyloid levels in both the short 
(1–2 mo) and long term (6–12 mo), and Alzheimer’s disease model mice displayed a 
stronger PTSD-like phenotype after trauma exposure than wild-type mice. An increase 
in beta-amyloid production was shown to directly activate corticotropin-releasing 
factor neurons to exacerbate HPA axis responses. Increased beta-amyloid levels might 
not only accelerate AD pathogenesis, leading to exacerbated amyloid plaque 
deposition, but also exacerbate chronic changes in behavior and corticosteroid 
regulation, resulting in a higher incidence of PTSD[45].

Other behavioral and polygenic risk factors: Polygenic risk scores based on multiple 
genetic variants known to contribute to psychopathology were calculated for 
individuals with European ancestry in a large, long-term prospective follow-up study 
of first responders working at the World Trade Center site (New York) following the 
9/11/2001 terrorist attacks[46]. Re-experiencing, generalized anxiety, and schizo-
phrenia polygenic risk scores were predictive of a severe PTSD symptom trajectory 
characterized by increasing incidence of chronic symptoms over the course of 17 years, 
and a depression polygenic risk score predicted a diagnosis of PTSD[46]. In a very 
large sample of community-dwelling women participating in the Nurses’ Health 
Study[47], time spent viewing TV was analyzed in relation to the onset of PTSD 
symptoms following exposure to trauma. Among women who developed PTSD 
during follow-up, a significantly steeper increase in time spent viewing TV occurred 
prior to the onset of PTSD symptoms compared to women who did not go on to 
develop PTSD symptoms following trauma exposure. Women with high PTSD 
symptoms reported more TV viewing than trauma-unexposed women. TV viewing 
following trauma exposure may therefore be a marker of vulnerability for developing 
PTSD and a consequence of having PTSD[47].

DISCUSSION
The neurobiological mechanisms underlying PTSD symptoms, onset, and course are 
heterogeneous, as they involve several interconnected systems. Studies of each of these 
underlying systems support their involvement in delayed reactions and/or the 
capacity for time-dependent increases in system reactivity. Neural mechanisms 
involve the neurocircuitry subserving fear conditioning, including but not limited to 
the hippocampus, amygdala, and prefrontal cortex. Studies in both humans and 
animal models consistently show time-dependent increases in activity within the 
neurocircuitry of fear. Neural network models emphasize the effects of iterative 
learning, pruning, and top-down coordination on generalization of the fear response 
and progressive symptom development in PTSD. Neuroendocrine mechanisms consist 
of autonomic nervous system responses and HPA axis responses, both of which 
contribute to hyperresponsiveness and sensitization to stress. Neuroinflammatory 
mechanisms involve immune activation due to massive psychological stress and/or 
the effects of traumatic brain injury, with crosstalk between the immune and endocrine 
systems and neurotoxic effects of excess immune system activity contributing to long-
standing and delayed neuroinflammatory reactions. Finally, neurobehavioral/ 
contextual mechanisms involve the effects of intervening stressors, multiple traumatic 
exposures, and mental and physical disorder comorbidities on delayed manifestations 
of remote traumatic exposure.

Crucial concepts emerging from the study of neurobiological mechanisms of 
delayed PTSD include sensitization, kindling, and generalization. Exposure to 
traumatic stressors may increase an individual’s reactivity to subsequent stressors, a 
process that has been termed stress sensitization. The progressive development of 
symptoms of PTSD after exposure to traumatic events may be based on either neural, 
neuroendocrine, or neuroinflammatory sensitization to stress or combinations of these 
mechanisms. Heterogeneity in sensitization mechanisms may underlie differences 
with regard to the duration of the prodromal phase and/or the presence of prodromal 
symptoms.
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Sensitization in conjunction with kindling may be linked to PTSD. Sensitization 
refers to externally induced reactions, e.g., flashbacks of traumatic events induced by 
subsequent exposure to a similar stressor, whereas kindling refers to spontaneous 
activity occurring in the absence of an apparent cue. Kindling may follow sensit-
ization, when reactions are triggered by progressively less severe stressors over time 
and eventually occur spontaneously. Finally, generalization that may result from the 
pruning of dendrites within neural fear networks leads to increased responsiveness to 
increasingly less specific contextual cues and cross sensitization to heterotypic 
stressors.

Long delayed effects of traumatic exposures are likely to also involve neurobeha-
vioral and contextual mechanisms. Exposure to specific stressful life events resembling 
remote traumatic events may trigger specific memories that initiate a cascade of 
neurobiological dysregulation characteristic of PTSD. Indeed, the impact of repeated 
stressor exposures and contextual reminders has been demonstrated across several 
human and animal studies. The effects of stressors or trauma reminders may operate 
in concert with comorbid mental or physical disease and the associated sense of 
vulnerability that could increase the salience of the triggering event(s).

These findings have implications for diagnostic assessment in both treatment and 
forensic settings. Delayed expression of trauma- and stressor-related disorders 
requires careful individual assessment of the trauma history, intervening stressors, 
and development of symptoms of mental and physical disorders. In addition to PTSD, 
other specific trauma- and stressor-related disorders and mental and physical disorder 
comorbidities need to be evaluated with regard to the potential causal link between 
traumatic exposure and delayed symptoms, while taking into account the frequently 
substantial etiological overlap.

Subthreshold PTSD symptoms may indicate clinically significant distress and 
functional impairment. Findings from a Korean cross-sectional study among 45,698 
active firefighters indicated that the presence of subthreshold PTSD symptoms was 
associated with suicidal behavior, depression, alcohol use problems, and functional 
impairment[48]. Assessment of a history of TBI is mandatory in help-seeking, trauma-
exposed individuals, specifically in soldiers and veterans, who are at increased risk of 
PTSD with delayed expression[2-4]. Foreseeable stressors and resource losses, 
including unemployment and physical impairments, may be an effective target for 
secondary prevention of psychological distress. Pharmacological prevention of PTSD 
following exposure to potentially traumatic events is not generally recommended, and 
there is insufficient evidence to recommend selective, indicated pharmacological 
prevention[49], with the possible exception of hydrocortisone[50], a corticosteroid 
drug with immunosuppressive effects. Our data provide support for exploring the 
preventive potential of normalizing immune reactivity by pharmacological means.

Limitations of the current review need to be considered. These include the methodo-
logical limitations of some of the included studies, such as small sample sizes that may 
prevent studies from obtaining sufficient statistical power to detect associations 
relevant to delayed PTSD, the use of self-report measures possibly leading to response 
biases, memory bias in studies that rely on retrospective reporting, and limited 
durations of follow-up that prevented the detection of long-delayed cases. Indeed, 
there is a paucity of long-term prospective follow-up studies investigating the impact 
of intervening stressors on delayed PTSD onset. Limitations of the current review 
include the selection of studies addressing delayed expression of PTSD and neuro-
biology. Since these studies represent a subset of studies addressing the neurobiology 
of PTSD, this selection precludes exhaustive descriptions of the state of knowledge 
regarding all involved mechanisms.

CONCLUSION
In conclusion, the capacity of PTSD to occur with delayed onset may result from the 
interaction of an array of underlying neurobiological mechanisms that may influence 
the likelihood of manifesting prodromal symptoms preceding the onset of full-blown 
PTSD. Highly specific contextual reminders, stressful life events or vulnerability 
associated with comorbid physical or mental disease may trigger the exacerbation of 
previously contained distress associated with traumatic memories.
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ARTICLE HIGHLIGHTS
Research background
Posttraumatic stress disorder (PTSD) with delayed expression occurs in people who 
develop PTSD at least six mo following exposure to a potentially traumatic event. 
During the prodromal phase or delay interval between the traumatic event and the 
onset of the disorder, subthreshold symptoms are often present, although long delay 
intervals without prodromal symptoms have rarely been reported. This study reviews 
neurobiological mechanisms underpinning the occurrence of a prodromal phase with 
or without prodromal symptoms.

Research motivation
Delayed expression of PTSD may present diagnostic challenges in clinical settings as 
well as in litigation contexts. Insight in neurobiological mechanisms is crucial to 
optimize diagnostic assessment and management.

Research objectives
To identify and characterize neurobiological mechanisms and pathways underlying 
delayed expression of PTSD and to obtain an overview of types of supporting 
evidence.

Research methods
We performed a scoping review of neurobiological studies in humans and animals and 
reviews of such studies. Records were eligible if they reported about studies on trauma 
and PTSD, delayed onset, neurobiology, and causal mechanisms or risk factors.

Research results
Following the search and selection, 38 studies were included in the review. Neural, 
neuroendocrine, and neuroinflammatory mechanisms have been implicated in 
progressive PTSD symptom expression over time. Neurobehavioral and contextual 
pathways complement these mechanisms.

Research conclusions
A variety of interconnected systems underlies the heterogeneity in PTSD symptom 
expression over time, contributing to sensitization, kindling, and generalization.

Research perspectives
Delayed expression of trauma- and stressor-related disorders requires careful 
individual assessment of the trauma history, intervening stressors, and development 
of symptoms. Assessment of a history of TBI is mandatory in help-seeking, trauma-
exposed individuals, specifically in soldiers and veterans, as this may be associated 
with symptom progression over time. Efforts to avert foreseeable stressors and 
resource losses may contribute to secondary prevention of psychological distress. 
Future research should explore the preventive potential of normalizing immune 
reactivity by pharmacological means.
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Abstract
BACKGROUND 
Depression is recognized as a major public health problem with a substantial 
impact on individuals and society. Complementary therapies such as acupressure 
may be considered a safe and cost-effective treatment for people with depression. 
An increasing body of research has been undertaken to assess the effectiveness of 
acupressure in various populations with depression, but the evidence thus far is 
inconclusive.

AIM 
To examine the efficacy of acupressure on depression.

METHODS 
A systematic literature search was performed on PubMed, PsycINFO, Scopus, 
Embase, MEDLINE, and China National Knowledge (CNKI). Randomized clinical 
trials (RCTs) or single-group trials in which acupressure was compared with 
control methods or baseline in people with depression were included. Data were 
synthesized using a random-effects or a fixed-effects model to analyze the impacts 
of acupressure treatment on depression and anxiety in people with depression. 
The primary outcome measures were set for depression symptoms. Subgroups 
were created, and meta-regression analyses were performed to explore which 
factors are relevant to the greater or lesser effects of treating symptoms.

RESULTS 
A total of 14 RCTs (1439 participants) were identified. Analysis of the between-
group showed that acupressure was effective in reducing depression [Standar-
dized mean differences (SMDs) = -0.58, 95%CI: -0.85 to -0.32, P < 0.0001] and 
anxiety (SMD = -0.67, 95%CI: -0.99 to -0.36, P < 0.0001) in participants with mild-
to-moderate primary and secondary depression. Subgroup analyses suggested 
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that acupressure significantly reduced depressive symptoms compared with 
different controlled conditions and in participants with different ages, clinical 
conditions, and duration of intervention. Adverse events, including hypotension, 
dizziness, palpitation, and headache, were reported in one study.

CONCLUSION 
The evidence of acupressure for mild-to-moderate depressive symptoms was 
significant. Importantly, the findings should be interpreted with caution due to 
study limitations. Future research with a well-designed mixed method is required 
to consolidate the conclusion and provide an in-depth understanding of potential 
mechanisms underlying the effects.

Key Words: Acupressure; Depression; Mild-to-moderate depressive symptoms; Systematic 
review; Meta-analysis
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Core Tip: Acupressure is effective on mild-to-moderate depressive symptoms. 
However, no confirmed evidence is available about the impacts of acupressure on 
patients with severe depressive disorders. This is the first study investigating the 
impacts of acupressure on depression among clinical and general populations.
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INTRODUCTION
Depression is a prevalent and debilitating mental disorder that is estimated to affect 
more than 264 million people worldwide[1]. Individuals with depression commonly 
experience dysfunctional symptoms, including undesirable mood, impaired concen-
tration, poor quality of sleep, and a high risk of suicide. Up to 15% of clinically depre-
ssed patients eventually commit suicide[2]. Besides, depression is the commonest 
comorbidity of chronic physical illnesses, such as cardiovascular and respiratory 
diseases, diabetes, arthritis and osteoporosis, and cancer[3]. Moreover, evidence shows 
that depression is also a risk factor for physical illnesses[4]. It will become the second 
major contributor to the general medical service burden by 2030[5]. Thus, depression 
needs to be considered when providing integrated treatments for common chronic 
diseases.

In primary care, subthreshold and mild depression are most often managed with 
psychological interventions, such as cognitive-behavioral therapies, interpersonal 
therapy, and psychological counseling. Antidepressant medication is usually 
prescribed for moderate-to-severe depression[6]. However, medications are associated 
with drug dependence and side effects, which negatively impact adherence. Psycho-
logical therapies require considerable time and resources, resulting in high drop-out 
rates and unsustainable effects. Surveys have shown that self-help and complementary 
therapies for depression were extensively reported[7,8].

Acupressure is a non-invasive complementary and alternative technique that shares 
common characteristics with acupuncture[9]. It is defined as the stimulation on 
acupuncture points located along meridians (also known as “acupoints”) using 
fingers, hands, knuckles, or dull instruments to exert pressure, leading to a sensation 
of soreness, numbness, and distention[10]. According to the core concept of traditional 
Chinese medicine (TCM) theory, acupressure stimulates the meridian. It restores 
health by balancing the “qi” flow, which could be described as bioenergy[11]. Results 
from studies of acupuncture have suggested that effects on neurotransmitter levels of 
serotonin and noradrenaline may be one of the potential mechanisms underlying the 
therapeutic effects. On the other hand, the pressure exerted on the acupoints regulates 
the sympathetic and parasympathetic nervous systems to create feelings of calm and 
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relaxation[12].
Acupressure has received increased attention for the alleviation of pain or 

discomfort associated with physical illnesses, injuries, and surgical operations in 
different populations, ranging from children[13] to the elderly[14]. Furthermore, the 
benefits of acupressure in psychological well-being have also been observed. While 
emerging evidence shows that acupressure has encouraging and promising effects on 
depression[15,16], there has been no systematic review and meta-analysis of its effect-
iveness for this condition. The present study aimed to synthesize findings of 
randomized clinical trials (RCTs) and quantify the effectiveness of acupressure for the 
treatment of depression in adults. Moreover, selection of acupoints and manipulation 
techniques, adverse events, drop-out rates, and quality of the included RCTs are 
described for treatment decision-making.

MATERIALS AND METHODS
This systematic review and meta-analysis were performed according to the PRISMA 
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) statement 
guideline.

Literature search
The following electronic databases were systematically searched until December 2020: 
PubMed, PsycINFO, Scopus, Embase, MEDLINE, and China National Knowledge 
(CNKI). The main keywords used were “acupressure” OR “finger massage” OR 
“acupoint massage” OR “shiatsu” AND “depress*” OR “mental health” OR “mental 
disorder*” OR “psychiatric disorder*” OR “mood disorder*” OR “bipolar disorder.*” 
Reference lists of retrieved studies and review articles were screened for additional 
references.

We screened the studies in two phases. First, two review authors (He J and Chen T) 
independently screened the titles and the abstracts. Second, the full text of potentially 
eligible studies was retrieved and assessed independently by the same two authors. 
Any disagreement between the review authors was resolved by a third review author 
(Lin J).

Study selection
Inclusion criteria were defined using the PICO (Population, Intervention, Comparison, 
and Outcomes)[17]: (1) Were clinical trials, including RCTs and non RCTs that 
included acupressure as one of the study groups; (2) Used acupressure as the sole 
intervention compared with the control condition of either sham control or standard 
control (e.g., standard care); (3) Used a sample of participants aged 18 years old or 
above; and (4) Were published in either English or Chinese.

Studies were excluded: (1) If they did not target depression as one of the outcome 
measures before and after acupressure intervention; or (2) If they used acupressure as 
part of a multi-component intervention.

Data extraction
All data were extracted from studies by two review authors (He J and Chen T) 
according to predefined criteria, including: (1) The first author, year, and country of 
publication; (2) The number and characteristics of the participants; (3) The regimen of 
the experimental and control interventions; (4) The manipulation techniques of 
acupressure; (5) Drop-out rate; (6) Baseline depressive symptoms, and (7) Outcome 
measures. For the purpose of this review, our primary outcome was the change of 
depressive symptoms before and after an intervention. That was evaluated using any 
standardized clinical measures, including Beck Depression Inventory (BDI), Geriatric 
Depression Scale (GDS), Hospital Anxiety and Depression Scale (HADS), Depression 
Anxiety Stress Scales (DASS), Major Depression Inventory (MDI), and Edinburgh 
Postnatal Depression Scale (EPDS). The anxiety level, manipulation, and frequency of 
acupressure, drop-out rate, and adverse events were reported as the secondary 
outcomes. Discrepancies between the two reviewers were resolved by consensus 
decision.

Quality and risk of bias evaluation
The quality of reporting for the acupressure trials was evaluated independently by 
two authors (He J and Chen T) using revised STRICTA (Standards for Reporting 
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Interventions in Clinical Trials of Acupuncture). A total of 10 items were applicable to 
the acupressure studies, which covered acupressure rationale, pressure details (instead 
of needling details), treatment regimen, other components of treatment, practitioner 
background, and control intervention[18]. The acupressure procedure was considered 
well-reported if at least six out of the ten STRICTA items were reported.

The methodological quality of identified studies was assessed according to the six 
domains in the Cochrane risk of bias tool. These are random sequence generation, 
allocation concealment, blinding of participants and personnel, blinding of outcome 
assessors, incomplete outcome data, and selective outcome reporting. Each domain 
was rated as “high” (seriously weakens confidence in the results), “unclear,” or “low” 
(unlikely to significantly alter the results). Given the nature of the intervention, it was 
difficult to blind the personnel who applied the acupressure, so only the participants 
and outcome assessors were blinded. To follow the guidelines recommended by the 
Cochrane Back Review Group, a compliance threshold of < 50% of the criteria was 
associated with bias[19]. Studies that met at least four domains with no serious flaws 
were considered as having a low risk of bias. If necessary, attempts were made to 
contact authors to obtain additional information.

Funnel plots were constructed to assess the risk of publication bias across series for 
all outcome measures. The Egger regression was used to test the asymmetry of the 
Funnel plots, with P > 0.1 indicating no publication bias.

Data synthesis and statistical analysis
According to Jackson & Turner[20], meta-analysis was performed when at least five 
studies with similarities in clinical characteristics and with no domain rated as having 
a high risk of bias were included. Meta-analyses were conducted using the changes of 
the scores between pre- and post-intervention measured by different scales. Hetero-
geneity among studies was evaluated by calculating the I2 statistic and χ2 test 
(assessing the P value) using Review Manager 5 software (V5.4, The Nordic Cochrane 
Centre, Copenhagen). If the P value was < 0.05 and I2 > 50%, we considered the hetero-
geneity to be substantial. A random-effect model was used to combine the data if 
significant heterogeneity existed. Standardized mean differences (SMDs) with 95%CI 
were used for continuous outcomes. The magnitude of the overall effect size was 
calculated based on the pooled SMD. Following Cohen’s categories, the effect sizes of 
0.20, 0.50, and 0.80 were considered small, medium, and large, respectively[21].

Sensitivity analyses and subgroup analyses were performed to investigate the 
effects of acupressure with different study designs, ages of participants, control 
conditions, and treatment duration. Meta-regression was also performed to identify 
the potential predictors of the effects of acupressure on depression.

RESULTS
Study selection
A PRISMA flow diagram is shown in Figure 1. The search initially found 552 articles. 
After screening the title and abstract, 46 of which were examined full text. Of these, 16 
were excluded based on the inclusion/exclusion criteria, and 16 Chinese articles were 
excluded due to their low quality, resulting in a total of 14 eligible articles for 
systematic review. There was no publication bias based on the Funnel plots and Egger-
regression test results (Figure 2). Fourteen RCTs involving 1439 participants were 
included for meta-analyses.

Study characteristics
The main characteristics of the included studies are described in Table 1. The sample 
size of the 14 studies varied from 12 to 288. Four studies focused on old participants 
(aged 65 or above)[22-25], while the remaining studies recruited participants from 20-
64 years. Ten studies recruited participants with chronic diseases, including chronic 
obstructive pulmonary disease[22], lung cancer[26], acute myocardial infarction[27], 
breast cancer[28], low back pain[29], multiple sclerosis[30], hemodialysis[31-33], and 
unilateral knee osteoarthritis[34]. Three studies recruited patients with depression[24,
25,35]. One study was for patients with Alzheimer’s disease comorbided with 
depression[23]. None of them included patients with major depressive disorders 
(MDD), and the overall severity of depressive symptoms in the participants was mild 
to moderate. The drop-out rate ranged from 0 to 28.8%, with a mean of 10.2%.
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Table 1 Characteristics of included studies

Ref. Type of 
study

Participants (sample size, 
mean age ± SD)

Drop-out rate, n 
(%)

Treatment (frequency 
and duration)

Manupilation techniques 
(acupoints composition, and 
techniques used)

Control Depressive symptoms 
at baseline M (SD) Outcome measures

Bergmann et al[27], 
2014

RCT Acute myocardial infarction 
with PPS acore ≥ 60 (213, 61.0 
± 8.1)

32 (15.0) Acupressure (45 min twice 
a day for 12 wk)

Figure pressure on two points at 
the sternum

Treat as usual 
(TAU)

MDI: 8.9 (7.4), PPS: 81 
(13)

MDI, QOL, WHO-5’s 
well-being index, PPS

Dehghanmehr et al[31], 
2020

RCT Hemodialysis with no severe 
depression and anxiety (60, 
39.2 ± 11.32)

0 Acupressure (8 min, 3 d 
weekly for 4 wk)

Figure pressure on acupoint 
Saiyinjiao

Sham, TAU BDI: 31.44 (20.95), STAI: 
47.60 (7.04)

STAI, BDI

Hmwe et al[32],2015 RCT Hemodialysis with depressive 
symptom (108, 58.06 ± 11.4)

0 Acupressure (12 min per 
session, 3 sessions weekly 
for 4 wk)

Figure pressure on acupoints 
Yintang, Shenmen, and Taixi

TAU DASS depression: 10.93 
(8.38), GHQ total: 25.33 
(12.56)

DASS, GHQ-28

Honda et al[35], 2012 RCT College students with 
depressive symptoms (25, 33.2 
± 10.0)

Not mentioned Acupressure (30 seconds 
per session, 3 sessions daily 
for 4 wk)

Figure pressure on six points on 
the neck (three points on the left 
and right side each)

TAU BDI: 55 (10) BDI

Kalani et al[33], 2019 RCT Hemodialysis with BDI score 
≥ 10 (96, 53.4 ± 13.9)

0 Acupressure (18 min per 
session, 3 sessions weekly 
for 4 wk)

Figure pressure on acupoints 
Sanyinjiao, Zusanli, 
Yanglingquan, Yongquan, 
Shenshu, and Shenmen

Sham, TAU BDI: 27.5 (9.1) BDI

Lanza et al[23], 2018 RCT Alzheimer with CDR score ≤ 2 
(12, 80.0 ± 9.0)

0 Acupressure (40 min 
weekly for 40 wk)

Figure pressure on relevant 
trigger points of the meridians

TAU GDS: 13 (2) GDS, MMSE, ADL, 
IADL

Molassiotis et al[24], 
2020

RCT Depression with GDS score ≥ 
8 (118, 79.5 ± 14.5)

34 (28.8) Acupressure (5 min per 
session, twice weekly for 12 
wk)

Figure pressure on acupoints 
Zusanli, Zhongfu, Shenmen, 
Taichong, Baihui 

Sham, TAU GDS: 10.6 (2.1), GHQ: 
18.8 (5.9)

GDS, PSQI

Rahimi et al[30], 2020 RCT Multiple sclerosis with EDSS 
score = 0-5.5 (106, 20-45 years 
old)

20 (18.9) Acupressure (15 min every 
day for 4 wk)

Figure pressure on acupoints 
Shenmen and Yintang

Sham DASS depression: 11.48 
(3.1)

DASS, FSS

Rani et al[34], 2020 RCT Knee osteoarthritis with 
Kellgrene Lawrance scale 
grade 2 or 3 (212, 58.07 ± 
11.22)

11 (5.2) Acupressure (15 min per 
session, 2 sessions per day, 
5 d weekly for 32 wk)

Figure pressure on acupoints 
Liangqiu, Dubi, Zusanli, 
Yinglingquan, Xuehai, 
Yanglingquan

TAU DASS depression: 14.56 
(8.63)

DASS, VAS, GHQ-12, 
BMSWBI, WHOQOL-
BREF

Tang et al[26], 2014 RCT Lung cancer undergoing 
chemotherapy (40, 64.4 ± 9.2)

10 (25) Acupressure (3 min once 
every morning for 20 wk)

Figure pressure on acupoints 
Hegu, Zusanli, and Sanyinjiao

Sham HADS: 7.29 (4.39), 
ECOG-PSR: 11 (45.8)

HADS, TFRS, ECOG-
PSR, PSQI

Tseng et al[25], 2020 RCT Depression with GDS score > 
5 (47, 82.78 ± 6.88)

8 (17.0) Acupressure with a 
magnetic bead (7 d weekly 
for 2 wk)

Magnetic bead on ear Shenmen 
point

Sham GDS: 8.71 (2.31) BAI: 
13.63 (7.36)

GDS, BAI

Chronic obstructive 
pulmonary disease with 
depressive symptom (44, 73.0 

Wu et al[22], 2007 RCT 0 Acupressure (16 min per 
session, 5 sessions weekly 
for 4 wk)

Figure pressure on acupoints 
Dazhui, Tiantu, Shousaili, 
Feishu, Shenshu

Sham GDS score at basline not 
available

GDS, DVAS
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± 9.7)

Yu et al[29], 2020 RCT Postpartum wome with low 
back pain score ≥ 1 (70, 34.4 ± 
4.8)

0 Acupressure (10 min per 
session, 5 sessions weekly 
for 4 wk)

Figure pressure on acupoints 
Shenhu, Dachangshu, 
Guanyuanshu, Weiyang, and 
Sanyinjiao

Sham EPDS: 9.4 (4.5) EPDS, RMDQ, ODI, 
VAS

Zick et al[28], 2018 RCT Breast cancer with depressive 
symptom (288, 60.5 ± 10.0)

Not mentioned Acupressure (30 min every 
day for 10 wk)

Figure pressure on acupoints 
Hegu, Zusanli, Sanyinjiao, Taixi, 
Baihui, and Qihai

Sham, TAU HADS: 6.2 (3.2) VAS, BPI

ADL: Activity of daily living; BAI: Beck anxiety inventory; BDI: Beck depression inventory; BMSWBI: Body-mind-spirit well-being inventory; BPI: Brief pain inventory; CDR: Clinical dementia rating; COPD: Chronic obstructive 
pulmonary disease; DASS: Depression anxiety stress scales; DVAS: Dyspnea visual analogue scale; ECOG-PSR: Eastern cooperative oncology group performance status rating; EDSS: Expanded disability status scale; EPDS: Edinburgh 
postnatal depression scale; FSS: Fatigue severity scale; GDS: Geriatric depression scale; GHQ: General health questionnaire; HADS: Hospital anxiety and depression scale; IADL: Instrumental ADL; MDI: Major depression inventory; 
MMSE: Mini mental state examination; ODI: Oswestry disability index; PFS: Piper fatigue scale; PPS: Pressure pain sensitivity; PSQI: Pittsburgh sleep quality index; QOL: SF-36 quality of life; RMDQ: Roland-morris disability 
questionnaire; STAI: Spielberger state-trait anxiety inventory; TAU: treat as usual; TFRS: Tang fatigue rating scale; VAS: Visual analog scale.

Quality and risk of bias assessment
Table 2 describes the standards of reporting for the included trials. The standards 
reflect the revised STRICTA criteria (2010). All studies reported the frequency of 
treatment, the setting and context of intervention, and the control condition. Only one 
study did not mention the rationale of acupressure[27]. Three studies did not report 
the acupoints used in the intervention[23,27,35]. All studies provided a detailed 
description of the method/materials used for acupressure. All studies except two[23,
25] specified the duration of pressure retention. Two studies reported other compo-
nents, such as the details of other interventions[23,26].

Risk of bias was assessed and summarized in Figure 3. Fourteen studies were 
described as “randomized,” of which eight studies reported detailed randomization 
methods[25,26,28,30-34]. All studies reported allocation concealment in detail. 
Blinding of outcome assessments was sufficiently carried out in 13 studies, with only 
one study providing no detailed description[26]. Five of them expressly stated a 
completion rate of their participants and were at low risk of attrition bias[22,24,26,27,
34], while the others gave no details of missing data. All studies presented the 
outcomes clearly and were rated as having a low risk of selection bias. Overall, all 
studies were rated low in at least four domains, and therefore, were considered as 
having low risk of bias.

Rationale of acupoint selection
Among the included studies, five of them applied three acupoints or fewer[25,26,30-
32], and six studies applied more than three acupressure points[22,24,28,29,33,34]. 
However, three studies did not report the specific acupoints used for the intervention
[23,27,35]. The most used acupoints were Zusanli, Sanyinjiao, and Shenmen.
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Table 2 Quality assessment using standards for reporting interventions in clinical trials of acupuncture for the included studies

Acupressure details Other components of treatment

Ref. Acupressure 
rationale

Acupoints 
used

Materials used for 
acupressure

Frequency of 
acupressure

Acupressure 
retention

Description of 
method/materials used for 
acupressure

Other 
components

Setting and 
context

Practitioner 
background

Control 
intervention

Bergmann (2014) NR NR Y Y Y Y NR Y Y Y

Dehghanmehr 
(2020)

Y Y Y Y Y Y NR Y NR Y

Hmwe (2015) Y Y NR Y Y Y NR Y NR Y

Honda (2012) Y NR NR Y Y Y NR Y Y Y

Kalani (2019) Y Y Y Y Y Y NR Y NR Y

Lanza (2018) Y NR NR Y NR Y Y Y NR Y

Molassiotis 
(2020)

Y Y Y Y Y Y NR Y NR Y

Rahimi (2020) Y Y Y Y Y Y NR Y Y Y

Rani (2020) Y Y NR Y Y Y NR Y Y Y

Tang (2014) Y Y Y Y Y Y Y Y Y Y

Tseng (2020) Y Y NR Y NR Y NR Y NR Y

Wu (2007) Y Y Y Y Y Y NR Y Y Y

Yu (2020) Y Y NR Y Y Y NR Y NR Y

Zick (2018) Y Y Y Y Y Y NR Y Y Y

NR: Not reported; Y: Reported.

All studies mentioned that selection of acupoints was based on the TCM principles 
and aimed to improve the body’s natural self-healing capacity by regulating and 
balancing Qi. Three studies[22,24,29] selected the acupoints based on a thorough 
literature review of the effects of acupressure on depression. Hmwe et al[32] reported 
that two TCM specialists from local universities had reviewed the selection of 
acupoints.

Manipulation technique 
The duration of acupressure interventions varied across studies. They ranged from 5 s 
to 4 min on each acupressure point and from 30 s to 45 min per session, with an 
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Figure 1 Flow diagram for data collection and analysis.

Figure 2 Funnel plots of studies with depression outcomes.

average of 15-20 min per session in most studies. The study duration ranged from 2 
wk[25] to 40 wk[23]. All studies applied acupressure with finger pressure, except one 
study which applied the magnetic bead at relevant points[25].

The background of the therapists delivering acupressure differed in the included 
studies: Two trials involved research personnel[22,26], two trials employed allied 
health professionals[27,35], and three trials involved an acupuncturist[28,33,34]. Either 
“sham” or “treat as usual” (TAU) were used as controls. Nine studies employed sham 
stimulation that located around the true acupoints and were irrelevant to the 
treatment of depression[22,24-26,28-31,33]. Four studies had both a sham and a TAU 
control group[24,26,28,33]. The other studies used TAU as the control group.

Overall effectiveness of acupressure on depression
Three trials adopted BDI[31,33,35]; four trials adopted GDS[22-25]; two trial used 
HADS[26,28]; three trials used DASS[30,32,34]; one trial used MDI[27], and the other 
trial used EPDS for depression[29]. Similar findings were reported in all studies that 
the acupressure group had a greater reduction in depression after treatment than the 
sham or the TAU control groups.
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Figure 3 Risk of bias evaluation for the included studies.

Meta-analysis of these 14 RCTs suggested a lager overall improvement in the 
depression level in the acupressure group than sham or TAU control groups (SMD = -
0.58; 95%CI = -0.85 to -0.32; P < 0.0001; I2 = 84%; χ2 = 110.96; P < 0.0001) (Figure 4). The 
combined effect size was 4.39, which equals to a small effect size according to Cohen’s 
categories.

Effectiveness of acupressure on depression with different control conditions
Subgroup analyses were performed in studies using different control groups 
(Figure 4). The combined results of 10 studies using TAU control groups showed a 
greater reduction in depression level in the acupressure group with a small effect size 
(SMD = -0.34; 95%CI = -0.63 to -0.05; P = 0.02; I2 = 76%; χ2 = 37.78; P < 0.00001; Z = 
2.33). Similar results were shown in the nine studies using sham controls with a 
moderate effect size (SMD = -0.83; 95%CI = -1.2 to -0.46; P < 0.00001; I2 = 80%; χ2 
=39.77; P < 0.00001; Z = 4.42).

Effectiveness of acupressure on depression with different treatment durations
Subgroup analyses were also performed in studies with different durations. The 
combined results of eight studies with a duration of 2-4 wk showed acupressure 
significantly reduced depression levels compared to sham or TAU controls with a 
moderate effect size (SMD = -0.67; 95%CI = -0.99 to -0.35; P < 0.0001; I2 = 71%; χ2 = 
30.82; P = 0.0003; Z = 4.16) (Figure 5). Significant reductions in the depression levels 
were found in six studies with a duration of more than 4 wk in the acupressure group 
compared to the sham or TAU controls with a small effect size (SMD = -0.48; 95%CI = -
0.9 to -0.07; P = 0.02; I2 = 90%; χ2 = 78.05; P < 0.00001; Z = 2.28) (Figure 6).

Effectiveness of acupressure on depression in different participants
Subgroup analyses were also performed in studies with different participants. The 
combined results of eleven studies in participants with depressive symptoms 
comorbidded with chronic diseases showed acupressure significantly reduced 
depression level compared to sham or TAU controls with a small effect size (SMD = -
0.48; 95%CI = -0.77 to -0.19; P = 0.001; I2 = 85%; χ2 = 91.96; P < 0.00001; Z = 3.23) 
(Figure 7). Significant reductions of depressive symptoms were also found in three 
studies in participants with depression with a moderate effect size (SMD = -1; 95%CI = 
-1.40 to -0.60; P < 0.00001; I2 = 48%; χ2 = 5.79; P = 0.12; Z = 4.91) (Figure 8).

Effectiveness of acupressure on depression in participants of different ages
Subgroup analyses were also performed in studies with different ages. The combined 
results of ten studies with individuals aged 20-64 showed acupressure significantly 
reduced depression levels compared to the sham or TAU controls with a small effect 
size (SMD = -0.42; 95%CI = -0.71 to -0.14; P = 0.004; I2 = 85%; χ2 = 84.08; P < 0.00001; Z = 
2.89) (Figure 9). Significant reductions in depression levels after acupressure 
interventions with a large effect size were also found in four studies in participants 
over 65 years old (SMD = -1.09; 95%CI = -1.45 to -0.72; P < 0.00001; heterogeneity: I2 = 
43%; χ2 = 7.01; P = 0.14; Z = 5.82) (Figure 10).

Effects of acupressure on depression using different acupoints
Subgroup analyses were performed in studies using different numbers of acupoints. 
The combined results of RCTs with no more than 3 acupoints (3 included) (SMD = -
0.36; 95%CI = -0.56 to -0.17; P < 0.0001; I2 = 79%; χ2 = 28.86; P = 0.0003; Z = 3.63) 
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Figure 4 Effects of acupressure on depression. 1.1.1. Subgroup meta-analyses of studies using treat-as-usual (TAU) as controls; 1.1.2. Subgroup meta-
analyses of studies using Sham controls.

Figure 5 Effects of acupressure on depression with treatment duration of 2 to 4 wk.

Figure 6 Effects of acupressure on depression with treatment duration of more than 4 wk.

(Figure 11), and more than 3 acupoints showed significant effects on depression in 
acupressure compared to controls with moderate effects (SMD = -0.74; 95%CI = -1.13 
to -0.36; P = 0.0002; I2 = 88%; χ2 = 66.63; P < 0.00001; Z = 3.75) (Figure 12).

Subgroup analyses were also performed in studies using the three most used 
acupoints. The combined results of the studies showed significant beneficial effects on 
depression in the acupressure treatment group compared to controls, with a large 
effect size for Sanyinjiao (SMD = -0.54; 95%CI= -0.69 to -0.39; P < 0.00001; hetero-
geneity: I2 = 89%; χ2 = 72.17; P < 0.00001; Z = 7.03), a moderate effects size for Shenmen 
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Figure 7 Effects of acupressure on depressive symptoms in participants with chronic diseases.

Figure 8 Effects of acupressure on depressive symptoms in participants with primary depression.

Figure 9 Effects of acupressure on depression in participants aged 18-64 years old.

Figure 10  Effects of acupressure on depression in participants aged 65 years old or above.

(SMD = -0.75; 95%CI = -1.03 to -0.47; P < 0.00001; I2 = 60%; χ2 = 15.14; P = 0.02; Z = 5.20) 
and a small effect size for Zusanli (SMD = -0.56; 95%CI = -0.97 to -0.15; P = 0.008; I2 = 
89%; χ2 = 71.65; P < 0.00001; Z = 2.67).
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Figure 11  Effects of acupressure using no more than 3 (3 included) acupoints on depression.

Figure 12  Effects of acupressure using more than 3 acupoints on depression.

Effect of acupressure on anxiety
Three trials adopted HADS[26,28,31], one trial used Beck Anxiety Inventory (BAI)[25], 
and two trials used DASS[32,34] to measure anxiety level. Consistent findings were 
found in six studies that the acupressure group reported a greater reduction in anxiety 
after acupressure application than the sham or TAU controls. Meta-analyses of the six 
trials indicated an overall improvement in anxiety levels in the acupressure group 
compared with sham or TAU control groups with a small effect size (SMD = -0.67; 
95%CI = -0.99 to -0.36; P < 0.0001; I2 = 79%; χ2 = 37.82; P < 0.00001; Z = 4.16) (Figure 13).

Adverse events
Only one study[32] reported the adverse events of acupressure during four-week 
acupressure in patients with end-stage renal disease, including intradialytic hypoten-
sion (n = 11), dizziness (n = 6), palpitation (n = 2), and headache (n = 1). Intradialytic 
hypotension was reported to occur within 30 min after acupressure, and two 
participants discontinued the study in the final week due to the increased frequency of 
hypotension. The episodes of dizziness, palpitation, and headache occurred while 
acupressure was being applied. These side-effects disappeared within a few min and 
the acupressure treatment did not cease.

Sensitivity analyses
Sensitivity analyses were performed after excluding one study[26], as it contained no 
description of blinding details. The results were similar to all the other studies 
involved (Figure 14).

Meta-regression analyses
Meta-regression analyses were performed to investigate if there were any factors 
associated with the effects on depression. Age, the number of acupoints used, the total 
time of intervention, and the physical illnesses were included to investigate if there 
were any associated factors with the effects on depression. However, no significant 
results were found.

DISCUSSION
We included in the systematic review and meta-analysis 14 RCTs with 1439 
participants with depressive symptoms. Overall, the data showed that acupressure 
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Figure 13  Effects of acupressure on anxiety.

Figure 14  Sensitivity analyses of acupressure on depression.

had great potential to improve mild-to-moderate depressive symptoms in both 
primary and secondary depression. No systematic review and meta-analysis have 
been performed to assess the effectiveness of acupressure on depression in various 
clinical population. A recent integrative review showed that acupressure reduced 
depression in older people in the community, whether or not they had chronic 
illnesses[32]. Subgroup analyses in our meta-analysis consistently showed significant 
reductions in depression levels after acupressure treatment for adults with a large 
effect size in participants aged 65 years or above. Moreover, subgroup analyses also 
suggested that acupressure significantly reduced depression regardless of the clinical 
conditions. A recent scope review of six studies indicated that acupressure improved 
depression and psychological health in dementia[36], which is consistent with our 
findings in participants with Alzheimer’s disease. However, these significant findings 
should be interpreted with caution due to the heterogeneity of the clinical conditions 
of the participants, manipulation techniques of acupressure, the selected acupoints, 
and the outcome measures.

Most studies in our review investigated the effects of acupressure on mild-to-
moderate secondary depression in patients with chronic diseases. Three studies 
examined in patients with mild-to-moderate primary depression and all reported 
significant improvement in symptoms. However, it is not clear if acupressure is 
effective for patients with moderate-to-severe primary depressive disorders. 
Furthermore, none of the studies included in our meta-analysis mentioned specifically 
which symptom domains of depression were improved by acupressure treatment. 
Future research may focus on the effects of acupressure for moderate-to-severe 
depressive disorders and specific symptom domains.
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Data showed a wide range of durations in acupressure interventions, ranging from 
2 wk to 40 wk. More than half the studies (57.1%) involved acupressure treatment for 
2-4 wk. The subgroup analyses suggested significant reductions in depression after 
either less than or more than 4 wk, indicating that acupressure benefits psychological 
well-being even after short-term treatment.

The acupressure manipulation applied in the included studies differed widely, and 
no confirmative conclusion could be drawn on the most effective acupressure 
technique. In general, 15 to 20-min sessions and 4-wk durations were commonly 
adopted. The majority of studies applied more than three acupoints, and the 
commonest acupoints used for depression are Yintang, Sanyinjiao, and Zusanli. Future 
research may compare the effects on depression among different acupoints to ascertain 
the effect of acupressure using specific acupoints. The most fundamental technique of 
acupressure is firm pressure on the acupoints. No included studies mentioned the 
amount of pressure on the acupoint, which is related to the thickness of skin, muscle, 
and fatty tissue at the point. The intensity of the pressure may be associated with the 
effect of acupressure due to the potential mechanism of stimulating the nerve systems; 
this needs to be clarified. Furthermore, adjusting the intensity of pressure based on the 
individual’s tolerance is important in clinical practice.

All studies mentioned that the selection of acupoints was based on the TCM 
principles of balancing the “qi” flow in the body to promote inner self-recovery 
abilities. However, none of the included studies measured “qi” which may be a 
confounding factor for the outcomes, and none of them specified the particular neuro-
mechanisms underlying the selection of acupoints. According to TCM, the “qi” 
circulates through 12 principal meridians between different organs of the body. There 
are 361 acupoints distributed along the meridians, and each is associated with a 
specific part of the body. Selecting acupoints along the meridian is the vital principle 
for acupressure treatment in depression. The application of specific acupoints related 
to refreshing the brain and soothing the liver function is the primary procedure across 
all the studies.

Acupressure also reduced anxiety in participants with psychiatric disorders, 
sclerosis, uremia, and osteoarthritis in both clinical and community settings. The 
findings were consistent with a previous systematic review and meta-analysis of 
acupressure on anxiety by Au et al[16]. However, Hmwe et al[32] suggested inconsis-
tent findings on the effects of acupressure on anxiety and agitation in older people. 
Anxiety is a common comorbidity of depression, and the generalization of the effects 
of acupressure on anxiety needs to be further explored.

Ten of the 14 studies reported drop-out rates ranging from 0 to 28.8%, with a mean 
drop-out rate of 10.2%. Only one study reported the number that dropped out from 
each group and the reasons for withdrawal[24]. The completion rate was similar to 
previous studies of acupressure in older people in both clinical and community 
settings[32]. It was relatively lower than psychological treatment in depression[37]. It 
should be noted that none of the included studies had long-term follow-up. 
Furthermore, only one study reported adverse events, including hypotension, 
dizziness, palpitation, and headache, but without details. Addressing the effects 
during medium and long-term follow-up periods and the detailed adverse events of 
acupressure are the priorities suggested for future studies.

Only one study included in our review suggested the potential mechanisms through 
which the stimulation of particular acupoints on the skin can reduce depression and 
anxiety by altering the concentration of neurotransmitters, reducing the levels of 
adrenocorticotrophic hormones and hydroxytryptamine-5 in the brain, resulting in 
calmness[31]. Previous studies of acupuncture, which shared the same TCM theory 
with acupressure but used different manipulation technique (acupuncture uses 
needle), suggested that antidepressant effects of acupuncture are the result of the 
interaction inbetween multiple targets and levels in neural system. Acupuncture not 
only improves monoamine neurotransmitters, inhibits the hyperactive HPA axis, but 
also activates neurotrophic pathways, improves hippocampal neurogenesis, and 
inhibits inflammatory cytokines[38]. A study of electroacupuncture of acupoints 
"Baihui" and "Sanyingjiao" in chronically stressed rates significantly increased the 
activities of 5-HT by increasing the bingding site of 5-HT1A receptors in the 
hippocampus of depressed rats[39]. A clinical study of acupuncture in women with 
menopausal depression showed significant increases in serum levels of Norepine-
phrine and Dopamine[40]. Furthermore, acupuncture at acupoints "Baihui" and 
"Yintang" combined with 5-HT reuptake inhibitors in older adults with depression 
significantly increased the serum Brain-derived Neurotrophic Factor (BDNF) level
[41]. Song et al[42] found that electroacupuncture can significantly reduce the levels of 
serum interleukin IL-1β and tumor necrosis privacy (TNF-α) in patients with 
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depression, and the ratio of interferon to IL-4.

Limitations of the review
The first systematic review and meta-analysis of acupressure in depression showed a 
significantly greater overall effect than the controls. However, it is important to be 
aware of several limitations when interpreting the results.

We excluded 16 Chinese studies that reported poorly, and we were unable to find 
complete details of study design features relevant to the risk of bias assessment. Thus, 
trials meeting our inclusion criteria beyond those identified may exist.

Also, only three included trials focused on mild-to-moderate primary depression, 
and no evidence was found in patients with moderate or severe depression, making 
generalizability to this patient group difficult.

The included studies differ substantially with regard to participants, treatment 
frequency and duration, and acupoints selected. Meanwhile, the exact techniques of 
acupressure and therapeutic composition of acupoints were less undermined and 
inclusive, making comparisons between these included RCT studies difficult.

No study included in our meta-analysis measured “qi”, which is the primary 
rationale for the selection of acupoints, and may be a confounding factor for the 
interpretation of the findings. Even though, we could still perform a meta-analysis and 
a quantitative synthesis of the included studies.

Implications for clinical practice and further research
As a non-invasive, safe and simple technique, acupressure has the potential to be 
promoted in clinical practice. The present study found that acupressure is feasible to 
improve depression and anxiety. Integration of this technique in the care of people 
vulnerable to mental illnesses, such as older people and postnatal women, would 
promote their emotional well-being and quality of life. That should further reduce the 
costs and side effects of conventional medication treatment in the standard care 
system. However, well-designed trials are recommended to provide more solid 
evidences on the effectiveness of acupressure for mental health promotion.

It is apparent that research in acupressure for mental health is still in its infancy, and 
further studies of high quality, with large sample sizes and medium- to long-term 
follow-ups, are warranted to examine the impacts on depression with different 
severity. Furthermore, effects of different acupoints and pressure retention on 
depression should be further examined for better understanding of the underlying 
mechanisms of acupressure in depression. Preliminary findings from our review 
suggested the potential mechanisms of acupressure may be associated with 
sympathetic and parasympathetic activities and the concentration of neurotransmitters 
and hormones in the neural networks. Future studies investigating the neurophy-
siological changes using imaging techniques (e.g., fNIRS and MRI) are suggested.

CONCLUSION
This review found emerging evidence to support certain positive effects of acupre-
ssure for adults suffering from mild-to-moderate depression. Future well-designed 
research is needed to provide robust evidence for clinical practice and recom-
mendation for its application, and an in-depth understanding of acupressure 
treatment in the context of integrative care as well.

ARTICLE HIGHLIGHTS
Research background
Originated from traditional Chinese medicine (TCM), acupressure is a safe and cost-
effective complementary treatment for depression.

Research motivation
An increase body of research has been undertaken to assess effectiveness of 
acupressure in depression, but the evidence thus far is inconclusive.

Research objectives
Via the systematic review and meta-analysis, we compared clinical data using 
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acupressure and controls with usual care or sham treatment.

Research methods
The databases PubMed, PsycINFO, Scopus, Embase, MEDLINE, and China National 
Knowledge (CNKI) were searched. Randomized clinical trials (RCTs) or single-group 
trials in which acupressure was compared with control methods or baseline in people 
with depressive symptoms were included. The primary outcomes were the change 
between pre- and post-treatment in depression measures. Data were synthesized using 
a random-effects or a fixed-effects model to analyze the impacts of acupressure 
treatment on depression and anxiety in people with depression.

Research results
A total of 14 RCTs (1439 participants) were identified. Analysis of the between-group 
showed that acupressure was effective in reducing depression (SMD = -0.58, 95%CI: -
0.85 to -0.32, P < 0.0001) and anxiety (SMD = -0.67, 95%CI: -0.99 to -0.36, P < 0.0001) in 
clinical patients with depressive symptoms. The evidence of acupressure for mild-to-
moderate depressive symptoms in patients with chronic diseases was significant. The 
evidence of certainty in moderate-to-severe primary depression was low. No severe 
adverse events were reported.

Research conclusions
This present review indicated acupressure to be safe and exert certain positive effects 
in people with mild-to-moderate depressive symptoms. Importantly, the findings 
should be interpreted with caution due to study limitaitons, including heterogeneity of 
participants, treatment frequency and duration, the selected acupoints, and sample 
size.

Research perspectives
Future research with a well-designed mixed method is required to provide stronger 
evidence for clinical decisions and recommendations for its application, as well as an 
in-depth understanding of acupressure mechanisms and symptoms domains in 
depression.

REFERENCES
GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Global, regional, and 
national incidence, prevalence, and years lived with disability for 354 diseases and injuries for 195 
countries and territories, 1990-2017: a systematic analysis for the Global Burden of Disease Study 
2017. Lancet 2018; 392: 1789-1858 [PMID: 30496104 DOI: 10.1016/S0140-6736(18)32279-7]

1     

Alsalman R, Alansari B. Relationship of suicide ideation with depression and hopelessness. 
European Psychiatry  2020; 33: S597-S597 [DOI: 10.1016/j.eurpsy.2016.01.2228]

2     

Clarke DM, Currie KC. Depression, anxiety and their relationship with chronic diseases: a review of 
the epidemiology, risk and treatment evidence. Med J Aust 2009; 190: S54-S60 [PMID: 19351294 
DOI: 10.5694/j.1326-5377.2009.tb02471.x]

3     

Wulsin LR, Vaillant GE, Wells VE. A systematic review of the mortality of depression. Psychosom 
Med 1999; 61: 6-17 [PMID: 10024062 DOI: 10.1097/00006842-199901000-00003]

4     

Mathers CD, Loncar D. Projections of global mortality and burden of disease from 2002 to 2030. 
PLoS Med 2006; 3: e442 [PMID: 17132052 DOI: 10.1371/journal.pmed.0030442]

5     

Goldman LS, Nielsen NH, Champion HC. Awareness, diagnosis, and treatment of depression. J Gen 
Intern Med 1999; 14: 569-580 [PMID: 10491249 DOI: 10.1046/j.1525-1497.1999.03478.x]

6     

Jorm AF, Medway J, Christensen H, Korten AE, Jacomb PA, Rodgers B. Public beliefs about the 
helpfulness of interventions for depression: effects on actions taken when experiencing anxiety and 
depression symptoms. Aust Nz J Psychiat  2000; 34: 619-626 [DOI: 
10.1046/j.1440-1614.2000.00761.x]

7     

Kessler RC, Soukup J, Davis RB, Foster DF, Wilkey SA, Van Rompay MI, Eisenberg DM. The use 
of complementary and alternative therapies to treat anxiety and depression in the United States. Am J 
Psychiatry 2001; 158: 289-294 [PMID: 11156813 DOI: 10.1176/appi.ajp.158.2.289]

8     

Maxwell J. The gentle power of acupressure. RN 1997; 60: 53-56 [PMID: 9110874]9     
Beal MW. Acupuncture and oriental body work: traditional and modern biomedical concepts in 
holistic care--conceptual frameworks and biomedical developments. Holist Nurs Pract 2000; 15: 78-
87 [PMID: 12119622 DOI: 10.1097/00004650-200010000-00010]

10     

Robinson N, Lorenc A, Liao X. The evidence for Shiatsu a systematic review of Shiatsu and 
acupressure. BMC Complement Altern Med 2011; 11: 88 [PMID: 21982157 DOI: 
10.1186/1472-6882-11-88]

11     

Lane JR. The neurochemistry of counterconditioning Acupressure desensitization in psychotherapy. 12     

http://www.ncbi.nlm.nih.gov/pubmed/30496104
https://dx.doi.org/10.1016/S0140-6736(18)32279-7
https://dx.doi.org/10.1016/j.eurpsy.2016.01.2228
http://www.ncbi.nlm.nih.gov/pubmed/19351294
https://dx.doi.org/10.5694/j.1326-5377.2009.tb02471.x
http://www.ncbi.nlm.nih.gov/pubmed/10024062
https://dx.doi.org/10.1097/00006842-199901000-00003
http://www.ncbi.nlm.nih.gov/pubmed/17132052
https://dx.doi.org/10.1371/journal.pmed.0030442
http://www.ncbi.nlm.nih.gov/pubmed/10491249
https://dx.doi.org/10.1046/j.1525-1497.1999.03478.x
https://dx.doi.org/10.1046/j.1440-1614.2000.00761.x
http://www.ncbi.nlm.nih.gov/pubmed/11156813
https://dx.doi.org/10.1176/appi.ajp.158.2.289
http://www.ncbi.nlm.nih.gov/pubmed/9110874
http://www.ncbi.nlm.nih.gov/pubmed/12119622
https://dx.doi.org/10.1097/00004650-200010000-00010
http://www.ncbi.nlm.nih.gov/pubmed/21982157
https://dx.doi.org/10.1186/1472-6882-11-88


Lin JX et al. Meta-analysis of acupressure for depression

WJP https://www.wjgnet.com 185 January 19, 2022 Volume 12 Issue 1

Energy Psychology Theory, Research, Treatment 2009; 1: 31-44 [DOI: 10.9769/EPJ.2009.1.1.JRL]
Borimnejad LAN, Seydfatemi N. The effects of acupressure on preoperative anxiety reduction in 
school aged children. Healthmed  2012; 6: 2359-2361

13     

Yang MH, Lin L-C. Acupressure in the care of the elderly. Hu Li Za Zhi J Nurs  2007; 54: 10-1114     
Lee EJ, Frazier SK. The efficacy of acupressure for symptom management: a systematic review. J 
Pain Symptom Manage 2011; 42: 589-603 [PMID: 21531533 DOI: 
10.1016/j.jpainsymman.2011.01.007]

15     

Au DW, Tsang HW, Ling PP, Leung CH, Ip PK, Cheung WM. Effects of acupressure on anxiety: a 
systematic review and meta-analysis. Acupunct Med 2015; 33: 353-359 [PMID: 26002571 DOI: 
10.1136/acupmed-2014-010720]

16     

Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. Int J Surg 2010; 8: 336-341 [PMID: 
20171303 DOI: 10.1016/j.ijsu.2010.02.007]

17     

Prady SL, Richmond SJ, Morton VM, Macpherson H. A systematic evaluation of the impact of 
STRICTA and CONSORT recommendations on quality of reporting for acupuncture trials. PLoS One 
2008; 3: e1577 [PMID: 18270568 DOI: 10.1371/journal.pone.0001577]

18     

Furlan AD, Pennick V, Bombardier C, van Tulder M; Editorial Board, Cochrane Back Review 
Group. 2009 updated method guidelines for systematic reviews in the Cochrane Back Review Group. 
Spine (Phila Pa 1976) 2009; 34: 1929-1941 [PMID: 19680101 DOI: 
10.1097/BRS.0b013e3181b1c99f]

19     

Jackson D, Turner R. Power analysis for random-effects meta-analysis. Res Synth Methods 2017; 8: 
290-302 [PMID: 28378395 DOI: 10.1002/jrsm.1240]

20     

Cohen J.   Statistical Power Analysis for the Behavioral Sciences. 1988 [DOI: 
10.4324/9780203771587]

21     

Wu HS, Lin LC, Wu SC, Lin JG. The psychologic consequences of chronic dyspnea in chronic 
pulmonary obstruction disease: the effects of acupressure on depression. J Altern Complement Med 
2007; 13: 253-261 [PMID: 17388769 DOI: 10.1089/acm.2006.5342]

22     

Lanza G, Centonze SS, Destro G, Vella V, Bellomo M, Pennisi M, Bella R, Ciavardelli D. Shiatsu as 
an adjuvant therapy for depression in patients with Alzheimer's disease: A pilot study. Complement 
Ther Med 2018; 38: 74-78 [PMID: 29857884 DOI: 10.1016/j.ctim.2018.04.013]

23     

Molassiotis A, Suen L, Lai C, Chan B, Wat KHY, Tang J, To KL, Leung CO, Lee S, Lee P, Chien 
WT. The effectiveness of acupressure in the management of depressive symptoms and in improving 
quality of life in older people living in the community: a randomised sham-controlled trial. Aging 
Ment Health 2020; 24: 1001-1009 [PMID: 30869991 DOI: 10.1080/13607863.2019.1584789]

24     

Tseng YT, Chen IH, Lee PH, Lin PC. Effects of auricular acupressure on depression and anxiety in 
older adult residents of long-term care institutions: A randomized clinical trial. Geriatr Nurs 2021; 42: 
205-212 [PMID: 32921508 DOI: 10.1016/j.gerinurse.2020.08.003]

25     

Tang WR, Chen WJ, Yu CT, Chang YC, Chen CM, Wang CH, Yang SH. Effects of acupressure on 
fatigue of lung cancer patients undergoing chemotherapy: an experimental pilot study. Complement 
Ther Med 2014; 22: 581-591 [PMID: 25146059 DOI: 10.1016/j.ctim.2014.05.006]

26     

Bergmann N, Ballegaard S, Bech P, Hjalmarson A, Krogh J, Gyntelberg F, Faber J. The effect of 
daily self-measurement of pressure pain sensitivity followed by acupressure on depression and quality 
of life vs treatment as usual in ischemic heart disease: a randomized clinical trial. PLoS One 2014; 9: 
e97553 [PMID: 24849077 DOI: 10.1371/journal.pone.0097553]

27     

Zick SM, Sen A, Hassett AL, Schrepf A, Wyatt GK, Murphy SL, Arnedt JT, Harris RE. Impact of 
Self-Acupressure on Co-Occurring Symptoms in Cancer Survivors. JNCI Cancer Spectr 2018; 2: 
pky064 [PMID: 30687806 DOI: 10.1093/jncics/pky064]

28     

Yu HC, Carol S; Wu B;  Cheng YF. Effect of acupressure on postpartum low back pain, salivary 
cortisol, physical limitations, and depression: a randomized controlled pilot study. J Tradit Chin Med 
2020; 40: 128-136

29     

Rahimi H, Mehrpooya N, Vagharseyyedin S, BahramiTaghanaki H. Self-acupressure for multiple 
sclerosis-related depression and fatigue A feasibility randomized controlled trial.  J Adv Med Biomed 
Res  2020; 28: 276-283 [DOI: 10.30699/jambs.28.130.276]

30     

Dehghanmehr S, Sargazi GH, Biabani A, Nooraein S, Allahyari J. Comparing the Effect of 
Acupressure and Foot Reflexology on Anxiety and Depression in Hemodialysis Patients: A Clinical 
Trial. Med Sur Nur J 2020; 8 [DOI: 10.5812/msnj.100386]

31     

Hmwe NT, Subramanian P, Tan LP, Chong WK. The effects of acupressure on depression, anxiety 
and stress in patients with hemodialysis: a randomized controlled trial. Int J Nurs Stud 2015; 52: 509-
518 [PMID: 25468282 DOI: 10.1016/j.ijnurstu.2014.11.002]

32     

Kalani L, Aghababaeian, H, Majidipour, N. , Alasvand M, Bahrami H. The effects of acupressure on 
severity of depression in hemodialysis patients a randomized controlled Trial.  J Advanced Pharmacy 
Education Research  2019; 9: 67-72

33     

Rani M, Sharma L, Advani U, Kumar S. Acupressure as an Adjunct to Pharmacological Treatment 
for Depression, Anxiety, and Stress in Patients with Knee Osteoarthritis. J Acupunct Meridian Stud 
2020; 13: 129-135 [PMID: 32738365 DOI: 10.1016/j.jams.2020.07.001]

34     

Honda Y, Tsuda A, Horiuchi S. Four-Week Self-Administered Acupressure Improves Depressive 
Mood.  Psychology  2012; 3: 802-804 [DOI: 10.4236/psych.2012.329121]

35     

Harris ML, Titler MG, Struble LM. Acupuncture and Acupressure for Dementia Behavioral and 
Psychological Symptoms: A Scoping Review. West J Nurs Res 2020; 42: 867-880 [PMID: 31802723 

36     

https://dx.doi.org/10.9769/EPJ.2009.1.1.JRL
http://www.ncbi.nlm.nih.gov/pubmed/21531533
https://dx.doi.org/10.1016/j.jpainsymman.2011.01.007
http://www.ncbi.nlm.nih.gov/pubmed/26002571
https://dx.doi.org/10.1136/acupmed-2014-010720
http://www.ncbi.nlm.nih.gov/pubmed/20171303
https://dx.doi.org/10.1016/j.ijsu.2010.02.007
http://www.ncbi.nlm.nih.gov/pubmed/18270568
https://dx.doi.org/10.1371/journal.pone.0001577
http://www.ncbi.nlm.nih.gov/pubmed/19680101
https://dx.doi.org/10.1097/BRS.0b013e3181b1c99f
http://www.ncbi.nlm.nih.gov/pubmed/28378395
https://dx.doi.org/10.1002/jrsm.1240
https://dx.doi.org/10.4324/9780203771587
http://www.ncbi.nlm.nih.gov/pubmed/17388769
https://dx.doi.org/10.1089/acm.2006.5342
http://www.ncbi.nlm.nih.gov/pubmed/29857884
https://dx.doi.org/10.1016/j.ctim.2018.04.013
http://www.ncbi.nlm.nih.gov/pubmed/30869991
https://dx.doi.org/10.1080/13607863.2019.1584789
http://www.ncbi.nlm.nih.gov/pubmed/32921508
https://dx.doi.org/10.1016/j.gerinurse.2020.08.003
http://www.ncbi.nlm.nih.gov/pubmed/25146059
https://dx.doi.org/10.1016/j.ctim.2014.05.006
http://www.ncbi.nlm.nih.gov/pubmed/24849077
https://dx.doi.org/10.1371/journal.pone.0097553
http://www.ncbi.nlm.nih.gov/pubmed/30687806
https://dx.doi.org/10.1093/jncics/pky064
https://dx.doi.org/10.30699/jambs.28.130.276
https://dx.doi.org/10.5812/msnj.100386
http://www.ncbi.nlm.nih.gov/pubmed/25468282
https://dx.doi.org/10.1016/j.ijnurstu.2014.11.002
http://www.ncbi.nlm.nih.gov/pubmed/32738365
https://dx.doi.org/10.1016/j.jams.2020.07.001
https://dx.doi.org/10.4236/psych.2012.329121
http://www.ncbi.nlm.nih.gov/pubmed/31802723


Lin JX et al. Meta-analysis of acupressure for depression

WJP https://www.wjgnet.com 186 January 19, 2022 Volume 12 Issue 1

DOI: 10.1177/0193945919890552]
Smith CA, Armour M, Lee MS, Wang LQ, Hay PJ. Acupuncture for depression. Cochrane Database 
Syst Rev 2018; 3: CD004046 [PMID: 29502347 DOI: 10.1002/14651858.CD004046.pub4]

37     

Hu L, Liang J, Jin SY, Han YJ, Lu J, Tu Y. [Progress of researches on mechanisms of acupuncture 
underlying improvement of depression in the past five years]. Zhen Ci Yan Jiu 2013; 38: 253-258 
[PMID: 24006675]

38     

Kang HT, Wang. CW. Effect of electroacupuncture on 5-HT1A receptor of hippocampus of the rat 
model with chronic stress depression. Henan Zhongyi Zazhi30: 38-40

39     

Zhou SH, Wu FD. [Therapeutic effect of acupuncture on female's climacteric depression and its 
effects on DA, NE and 5-HIAA contents]. Zhongguo Zhen Jiu 2007; 27: 317-321 [PMID: 17645249]

40     

Huang XB, Mu N, Mei F.   Therapeutic effect of acupuncture combined with medicine for the aged 
depression and its effect on the level of serum brain derived neurotrophic factor. J Pract Med 2011; 
27: 127-129

41     

Song C, Halbreich U, Han C, Leonard BE, Luo H. Imbalance between pro- and anti-inflammatory 
cytokines, and between Th1 and Th2 cytokines in depressed patients: the effect of electroacupuncture 
or fluoxetine treatment. Pharmacopsychiatry 2009; 42: 182-188 [PMID: 19724980 DOI: 
10.1055/s-0029-1202263]

42     

https://dx.doi.org/10.1177/0193945919890552
http://www.ncbi.nlm.nih.gov/pubmed/29502347
https://dx.doi.org/10.1002/14651858.CD004046.pub4
http://www.ncbi.nlm.nih.gov/pubmed/24006675
http://www.ncbi.nlm.nih.gov/pubmed/17645249
http://www.ncbi.nlm.nih.gov/pubmed/19724980
https://dx.doi.org/10.1055/s-0029-1202263


WJP https://www.wjgnet.com 187 January 19, 2022 Volume 12 Issue 1

World Journal of 

PsychiatryW J P
Submit a Manuscript: https://www.f6publishing.com World J Psychiatry 2022 January 19; 12(1): 187-203

DOI: 10.5498/wjp.v12.i1.187 ISSN 2220-3206 (online)

SYSTEMATIC REVIEWS

Risk factors for suicidal behaviour in late-life depression: A 
systematic review

Veronica Fernandez-Rodrigues, Yolanda Sanchez-Carro, Luisa Natalia Lagunas, Laura Alejandra Rico-Uribe, 
Andres Pemau, Patricia Diaz-Carracedo, Marina Diaz-Marsa, Gonzalo Hervas, Alejandro de la Torre-Luque

ORCID number: Veronica Fernandez-
Rodrigues 0000-0003-0397-513X; 
Yolanda Sanchez-Carro 0000-0002-
8644-9436; Luisa Natalia Lagunas 
0000-0003-4847-9578; Laura 
Alejandra Rico-Uribe 0000-0003-
1530-6638; Andres Pemau 0000-0002-
5835-507X; Patricia Diaz-Carracedo 
0000-0001-6595-2377; Marina Diaz-
Marsa 0000-0003-1364-3163; Gonzalo 
Hervas 0000-0003-2760-8035; 
Alejandro de la Torre-Luque 0000-
0003-0595-6127.

Author contributions: Fernandez-
Rodrigues V and de la Torre-
Luque A conceptualised the 
research questions, interpreted the 
study results, wrote the original 
draft, elaborated the study 
protocols, and conducted the 
searches; Fernandez-Rodrigues V, 
Sanchez-Carro Y, Rico-Uribe LA, 
and Lagunas LN conducted the 
study review; de la Torre-Luque A, 
Hervas G, and Diaz-Marsa M were 
involved in study supervision; all 
the authors contributed to this 
study and were involved in 
reviewing and editing the final 
manuscript.

Conflict-of-interest statement: The 
authors report that they have no 
conflict of interest to be disclosed.

PRISMA 2009 Checklist statement: 
The authors have read the PRISMA 
2009 Checklist, and the manuscript 

Veronica Fernandez-Rodrigues, Andres Pemau, Patricia Diaz-Carracedo, Gonzalo Hervas, 
Department of Psychology, Universidad Complutense de Madrid, Madrid 28223, Spain

Yolanda Sanchez-Carro, Department of Psychiatry, Universidad Autonoma de Madrid, Madrid 
28046, Spain

Yolanda Sanchez-Carro, Laura Alejandra Rico-Uribe, Marina Diaz-Marsa, Alejandro de la Torre-
Luque, Centre for Biomedical Research in Mental Health (CIBERSAM), Madrid 28029, Spain

Luisa Natalia Lagunas, Marina Diaz-Marsa, Alejandro de la Torre-Luque, Department of Legal 
Medicine, Psychiatry and Pathology, Universidad Complutense de Madrid, Madrid 28046, 
Spain

Laura Alejandra Rico-Uribe, Department of Psychology, La Rioja International University, 
Logrono 26006, Spain

Marina Diaz-Marsa, Institute of Psychiatry and Mental Health, San Carlos Clinical Hospital, 
Madrid 28040, Spain

Corresponding author: Luisa Natalia Lagunas, PhD, Academic Fellow, Assistant Professor, 
Department of Legal Medicine, Psychiatry and Pathology, Universidad Complutense de 
Madrid, 2 Seneca Avenue, Madrid 28046, Spain. llagunas@ucm.es

Abstract
BACKGROUND 
Suicide is a leading cause of preventable death worldwide, with its peak of 
maximum incidence in later life. Depression often puts an individual at higher 
risk for suicidal behaviour. In turn, depression deserves particular interest in old 
age due to its high prevalence and dramatic impact on health and wellbeing.

AIM 
To gather integrated evidence on the potential risk factors for suicide behaviour 
development in depressive older adults, and to examine the effects of depression 
treatment to tackle suicide behaviour in this population.

METHODS 
A systematic review of empirical studies, published from 2000 onwards, was 
conducted. Suicidal behaviour was addressed considering its varying forms (i.e., 
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wish to die, ideation, attempt, and completed suicide).

RESULTS 
Thirty-five papers were selected for review, comprising both clinical and epidemi-
ological studies. Most of studies focused on suicidal ideation (60%). The studies 
consistently pointed out that the risk was related to depressive episode severity, 
psychiatric comorbidity (anxiety or substance use disorders), poorer health status, 
and loss of functionality. Reduced social support and loneliness were also 
associated with suicide behaviour in depressive older adults. Finally, the 
intervention studies showed that suicidal behaviour was a robust predictor of 
depression treatment response. Reductions in suicidal ideation were moderated 
by reductions in risk factors for suicide symptoms.

CONCLUSION 
To sum up, common and age-specific risk factors seem to be involved in suicide 
development in depressive older adults. A major effort should be made to tackle 
this serious public health concern so as to promote older people to age healthily 
and well.

Key Words: Late-life depression; Suicide behaviour; Disability; Chronic disease; 
Loneliness

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Suicide constitutes a global health concern. In this regard, suicide is one of 
the leading ten causes of death in five of the 21 Global Burden of Disease defined 
regions. Suicide mortality is more prevalent in older adults in comparison to younger 
adults, due to the cumulated influence of multiple risk factors over time. The role of 
depression in late-life suicide deserves particular interest due to its elevated prevalence 
and relationship with functional disability and chronic disease development. Results 
from this study may contribute to planning intensive assessment protocols in older 
adults with depression to target suicide, as well as to monitoring suicide behaviour as a 
key indicator of depression treatment success.

Citation: Fernandez-Rodrigues V, Sanchez-Carro Y, Lagunas LN, Rico-Uribe LA, Pemau A, 
Diaz-Carracedo P, Diaz-Marsa M, Hervas G, de la Torre-Luque A. Risk factors for suicidal 
behaviour in late-life depression: A systematic review. World J Psychiatry 2022; 12(1): 187-
203
URL: https://www.wjgnet.com/2220-3206/full/v12/i1/187.htm
DOI: https://dx.doi.org/10.5498/wjp.v12.i1.187

INTRODUCTION
Over 700000 deaths are attributed to suicide every year, making it the second leading 
cause of preventable death across the world and a serious public health concern[1]. An 
increasing trend of suicide death has also been reported between 2000 and 2017, with 
the highest rate of completed suicide observed in men older than 85 years[2-5].

Suicide should be considered a multifactorial phenomenon, involving dreadful 
consequences at varying levels, such as medical, legal, psychological, and economic 
levels among others[6]. Furthermore, it should be noted that psychiatric patients are 
more likely to die by suicide than the general population individuals[7-9].

Major depression deserves particular attention in old age as over 16% of 
community-dwelling older adults may experience an episode of clinically-relevant 
depressive symptoms susceptible for a clinical diagnosis, although not all report 
suicidal symptoms[10,11]. Some authors claim for considering the distinctive features 
of depression in old age. In this sense, a greater burden of somatic symptoms (e.g., 
agitation, insomnia, and weight loss) may be evident in late-life depression[12]. 
Moreover, a higher risk of depressive episode onset may be observed among people 
with a history of depression in comparison to those who do not show any previous 
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episode. Since first episodes tend to appear from adolescence to middle age, late-life 
depression relapses may adopt more enduring statuses with a poorer prognosis in 
comparison to other life periods[13,14].

Besides, neurodegenerative and other ageing-related processes have to be taken into 
account in later life[15,16]. From this perspective, ageing-related frailty (i.e., decreased 
physiological reserves, leading to adverse effects on health) and related disability have 
been extensively associated with poorer health status, including a higher rate of falls, 
increased health care service utilization, and mortality. Some studies have also linked 
limitations in activities of daily living with some somatic symptoms also seen in 
depression (e.g., fatigue and agitation) as well as with risk factors for depressive 
symptom aggravation, such as reduced social participation and feelings of loneliness. 
On the other hand, the increased risk of showing metabolic diseases (e.g., diabetes, 
hypercholesterolemia, and hypertension) and their daily management may decisively 
lead to emotional distress and depression development in late life[17,18]. Finally, the 
aging-related cognitive decline and its pathological evolution to dementia may be 
expected to increase the risk of late-life depression development[19].

Evidence is mixed regarding the contribution of aging-related factors (e.g., increased 
metabolic and cognitive decline risk and loss of functionality) on the emergence of 
suicidal behavior symptoms in late-life depression[20-22]. Note that suicide behaviour 
should be understood more widely, comprising its varying forms (i.e., wish to die, 
suicidal ideation, planning, attempt, and completed suicide) falling over the suicidality 
continuum. In this regard, it is relevant to mention that the strongest risk factors for 
death by suicide are the engagement in suicidal attempt and suicidal ideation[10].

Each suicidality form may have a distinctive way of expression[23]. Likewise, each 
form may be influenced by specific risk factors. For instance, suicidal ideation in old 
age was proven to be associated with sociodemographic factors (e.g., lower educa-
tional attainment, living alone, and economic hassles) as well as some clinical factors, 
such as history of childhood abuse, poor self-perceived health, psychiatric 
comorbidity, and poorer social support (leading to loneliness and isolation) among 
others[2,24]. On the other hand, persistent suicidal ideation may be a major risk factor 
for suicide attempt, as well as other sociodemographic and clinical features, such as 
being White Caucasian, higher impulsivity levels, and suffering from chronic pain 
syndromes[21,25,26]. Unfortunately, inconsistencies have been described between the 
studies focused on suicide behaviour development and its related risk factors in 
depressive older adults.

This systematic review aimed to gather evidence on the risk of engaging in suicide 
behaviour among older adults with late-life depression. Moreover, it intended to 
investigate form-specific nuances of suicidality among older adults with depression, 
by studying the influence of sociodemographic, clinical, and psychological risk factors 
on suicidality form risk. Finally, we were interested in exploring the effect of 
interventions to reduce suicide behaviour on depressive symptoms.

MATERIALS AND METHODS
This study was conducted following the guidelines proposed by the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses for Protocols 2015 
(PRISMA-P 2015) initiative[27,28]. Moreover, this systematic review was registered in 
PROSPERO platform (ID: CRD42021223897).

Article selection criteria
Studies were selected according to PICOS strategy in line with PRISMA-P 2015 
guidelines. In this sense, the population criteria guided to select the following studies: 
Studies focused on human samples of older individuals (aged 65 years or higher) with 
a diagnosis of major depression disorder (MDD), according to a diagnostic manual of 
(mental) diseases. To satisfy intervention criteria, studies should assess suicide 
behaviour (by means of interviews, self-reports, or hospital/local or national records). 
Control criteria guided to select studies that comprised a control group of individuals 
who had been diagnosed with a MDD (and no suicide behaviour). In longitudinal 
studies, a baseline assessment of MDD patients would serve as a control condition. 
Regarding the outcome criteria, study should have a measure of suicide in its varying 
forms: Ideation, plan, attempt, and completed suicide. In addition, the passive wish to 
die was also considered as an outcome, as it can be understood as a passive form of 
suicidal ideation[29-31]. Composite scores derived from integrating multiple 
suicidality forms (e.g., suicidality risk) were also considered. Finally, criteria on study 
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item were: Empirical studies published in scientific literature in Spanish or English, 
from 2000 onwards.

Search strategy
Papers were located following a two-way approach: An ascendant approach which 
involves scientific databases being consulted. The consulted databases were: Web of 
Science, PubMed, PsycInfo, and SCOPUS. The database search was conducted 
between November and December 2020. Queries were created combining three main 
key terms and their respective thesaurus (see the search queries in the 
Supplementary Table 1): Suicide (related MeSH terms: "Suicide, Attempted" and 
"Suicide, Completed"), depression (related MeSH terms: "Depressive Disorder", OR 
"Depressive Disorder, Treatment-Resistant" and "Depressive Disorder, Major"), and 
old age (exact MeSH term: ‘Aged’).

Articles were screened by a reviewer on an initial review of title, abstract, and 
keywords. Pre-selected papers were fully read by an independent reviewer to ratify 
the selection. A third peer reviewer approved the adequate selection of every paper to 
be included in this study. Discrepancies on paper selection were resolved by 
discussion.

Data extraction and bias assessment
Relevant data were extracted from each article using a coding manual by an 
independent coder (different from the reviewers who selected the article). Data from 
these variables were extracted: Age, sex, sample size, depression status, presence of a 
psychiatric comorbidity, chronic diseases, and disability; loneliness feelings, self-
esteem, mental health treatment, follow-up length (longitudinal studies), and results of 
the study.

The Newcastle–Ottawa Quality Assessment Scale (NOQAS) was used to measure 
methodological quality of studies as a way to control for publication bias[32].

RESULTS
Database searches resulted in a total of 16431 hits retrieved. Over 64% (n = 10495) of 
them were duplicated records (Figure 1). A total of 5936 articles were excluded in the 
screening phase (i.e., title, abstract, and keyword reading). A final sample size of 35 
articles were reviewed after the full-text review phase.

The selected articles and their main features are displayed in Table 1. Over 54% of 
articles were published in 2010 onwards. On the other hand, 42.86% of articles were 
led by United States research groups, far followed by studies conducted in the United 
Kingdom and Taiwan (8.57% of studies in both cases). Study sample size ranged from 
24[33] to 654232[34], with a mean of 22211.77 (SD: 109023.38). Male/female ratio was 
also quite diverse across studies, with a percentage of female participants ranging 
from 0[2,35,36] to 74%[37]. Mean age fluctuated between studies from 69.51[38] to 
84.37 years[39], with an overall  mean age of 72.5 (SD: 0.5) years. Finally, the methodo-
logical quality of studies ranged from 2 to 9 (Table 1).

Most studies (60%) selected examined suicidal ideation outcome[3,10,20-22,25,36,38-
52]. On the other hand, suicide attempt was assessed in 40% of studies[2,3,21,35,37,41,
44,52-57]. Finally, nine studies (25.71%) addressed death by suicide[2,33,34,37,54,56], 
three (8.57%) assessed wish to die[22,39,58], two (5.71% of studies) focused on 
suicidality risk[59,60], and only one evaluated suicide planning[45]. The most 
commonly used scale to measure suicidal ideation was the Hamilton depression rating 
scale (HDRS)[61] in 23.81% of suicidal ideation studies; a clinical interview relied on 
the Diagnostic and Statistical Manual of Mental Disorders (DSM)[62], and the Beck 
scale for suicidal ideation (SSI)[63], both used in 14.29% of studies measuring suicidal 
ideation. In suicide attempt studies, most of studies collected data on attempts from 
either national or local registers (42.86% of these studies) due to hospital admission.

Regarding sociodemographic risk factors, Barnow et al[39] showed a relationship 
between increased levels of wish to die and age among German seniors. Moreover, 
some studies have highlighted a higher risk of suicidal behaviour in women[39,52] and 
White Caucasian[25]. In the same vein, Lohman et al[47] observed lower scores in the 
HDRS among older adults from ethnic minority groups. On the other hand, the study 
by Bartels et al[41] reported higher scores of suicidal ideation among older Americans 
from Asian ethnic groups (in comparison to those from the African ethnic group). 
These authors also found that suicidal ideation was associated with comorbid anxiety 
disorder, fewer social support, and more medical comorbidity. Moreover, the level of 

https://f6publishing.blob.core.windows.net/3967fe02-3cbe-44c8-9bea-dcfed2f3f768/WJP-12-187-supplementary-material.pdf
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Table 1 Summary of studies included in the review

Ref. Sample 
size

Sex (% 
female)

Mean 
age (yr)

Methodological 
quality

Suicide 
outcome

Suicide 
assessment Treatment study testing and result Depression-related 

factors Significant risk factors

Almeida et al[2], 
2016 

38170 0 72 5 Suicide attempt 
and completed 
suicide

National register Chronic diseases (+)

Arslanoglou et al
[20], 2019 

63 73.02 80.52 4 Suicidal ideation Scale: HDRS Psychological: PATH. Better outcomes 
for the PATH intervention vs 
supportive care

Depressive episode onset (-) Cognitive function, (+) 
disability, (-) and social factors 
(social support) (-)

Aslan et al[3], 
2019 

150 72.7 71.3 4 Suicidal ideation 
and suicide 
attempt

Clinical interview: 
DSM-IV

Education attainment, (-) 
anxiety symptoms (+)

Awata et al[40], 
2005 

1145 58.07 76.29 4 Suicidal ideation Clinical interview: 
DSM-IV

Depressive symptoms (+) Disability (+) and social 
factors (social support) (+)

Barak et al[53], 
2006 

202 58.41 76.55 5 Suicide attempt Local/regional 
register

Antidepressant use (-)

Barnow et al[39], 
2004 

516 48.1 84.37 4 Wish to die and 
suicidal ideation

Scale: HDRS, GMS-A Age, (+) sex (female), (+) 
subjective health status (-)

Bartels et al[41], 
2002 

2240 23.9 5 Suicidal ideation 
and suicide 
attempt

Scale: PSS Ethnic group (Asians), (+)1 
medical diseases, (+) social 
factors (social support), (-) 
comorbid anxiety disorder (+)

Bakkane 
Bendixen et al
[59], 2018 

218 67 75.6 4 Suicidality risk Scale: MADRS Anxiety symptoms (+)

Bickford et al[42], 
2021 

88 62.5 71.5 4 Suicidal ideation Scale: GSIS Depressive symptoms (+) Frailty and disability (+)

Bickford et al[10], 
2020 

225 64.9 71.4 4 Suicidal ideation Scale: GSIS Perceived stress (+)

Bonnewyn et al
[58], 2017

68 59.29 73.87 5 Wish to die Scale: SSI

Brådvik and 
Berglund[54], 
2009 

1206 5 Suicide attempt 
and completed 
suicide

National register

Bruce et al[43], 
2004

412 6 Suicidal ideation Scale: SSI Pharmacological: PROSPECT. 
Reductions in suicidal ideation due to 
treatment

Suicidal ideation 
and suicide 

Cole et al[44], 2006 113 63.4 79.2 5 Clinical interview: 
DSM-IV

Major depression (+)
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attempt

Coupland et al
[55], 2011 

60746 66.7 75 6 Suicide attempt Local/regional 
register

Pharmacological: Antidepressants. No 
effect of treatments on suicidal 
outcomes

Antidepressant use (+) Self-harm (+)

Hwang et al[35], 
2010 

70 0 79.4 6 Suicide attempt Clinical interview Brain volume (i.e., reductions 
in dorsal medial prefrontal 
cortex) (+)

Innamorati et al
[56], 2014 

331 24.4 4 Suicide attempt 
and completed 
suicide

Autopsy Social factors: Widowhood, (+) 
loneliness, (+) social support. 
(-) Life stressors (+)

Jokinen and 
Nordström[37], 
2008 

99 73.73 73 5 Suicide attempt 
and completed 
suicide

National register Dexamethasone suppression (-
)

Kiosses et al[45], 
2017 

74 73.66 80.90 4 Suicidal ideation 
and plan

Scale: MADRS Psychological: PATH. Better outcomes 
for the PATH intervention vs 
supportive care

Negative emotions, (+) 
cognitive function (-)

La Pia et al[46], 
2001

36 55.55 4 Suicidal ideation Scale: HDRS Pharmacological: Fluoxetine. Suicidal 
ideation reductions as a robust 
predictor of response

Lee et al[21], 2003 156 32.69 73.6 2 Suicidal ideation 
and suicide 
attempt

Scale: HDRS; Clinical 
interview: DSM-IV

Delusional symptoms, (+) 
depressive symptoms (+)

Cognitive function, (-) 
disability (+)

Liu et al[36], 2020 47 0 83.8 5 Suicidal ideation Scale: SSI Depressive symptoms (+) Chemokines (MCP-2/CCL8) 
(+)

Lohman et al[47], 
2016 

112 69.6 76.5 6 Suicidal ideation Scale: HDRS Nurse-based: CAREPATH. Lower 
proportions (31.3%) of CAREPATH 
patients showing suicidal ideation at 
follow-up, vs TAU patients (63.6%)

Ethnic group (minorities), (-) 
disability, (+) burdensomeness 
(+)

Lutz et al[48], 2021 75 66 71.57 4 Suicidal ideation Scale: GSIS Psychological: 12-wk problem-solving 
therapy. Changes in functional 
disability predicted the changes in 
suicidal ideation 

Disability (+)

Lynch et al[38], 
2004 

77 62.3 69.51 3 Suicidal ideation Scale: ASIQ Hopelesness (+) Negative affect intensity and 
reactivity (+)

Mansour et al[25], 
2020 

5546 61.5 76.8 7 Suicidal ideation Clinical Interview: 
ICD-10

Ethnic group (White) (+)

McIntyre et al
[22], 2008 

1763 28.59 73.68 4 Wish to die and 
suicidal ideation

Scale: GSIS Subjective health status, (-) 
medical conditions, (+) 
disability, (+) health service 
utilization, (+) anxiety 
disorder (+)



Fernandez-Rodrigues V et al. Suicide and late-life depression

WJP https://www.wjgnet.com 193 January 19, 2022 Volume 12 Issue 1

Meeks et al[49], 
2008 

148 60 80.3 5 Suicidal ideation Center admission 
record

Sleep difficulty (+) Chronic pain, (+) 

Morse and Lynch
[50], 2004 

65 69.2 70.3 4 Suicidal ideation Scale: ASIQ

Nishida et al[33], 
2015 

24 41.67 78.7 8 Completed 
suicide

Autopsy Stroke severity (+)

Richard-Devantoy 
et al[57], 2012 

40 62.5 76.5 9 Suicide attempt Clinical interview: 
DSM-IV

Cognitive function (-)

Sacco et al[60], 
2015 

8480 52.97 75.91 5 Suicidality risk Clinical Interview: 
ICD-10

Depressive symptoms (+) Alcohol use disorder, (+) liver 
disease (+)

Szanto et al[51], 
2003 

395 72.91 71.4 4 Suicidal ideation Scale: HDRS Pharmacological and psychological: 
Paroxetine, nortriptyline with or 
without psychotherapy. Participants 
with a higher risk of suicidality needed 
a greater time for suicidal ideation 
reduction 

Depressive episode onset, (-) 
number of episodes, (+) 
depressive symptoms, (+) 
recurrence of depressive 
episode (+)

Psychiatric inpatient (+) 

Tan and Wong
[52], 2008 

80 69.1 72.7 5 Suicidal ideation 
and suicide 
attempt

Scale: BDI, SSI. 
Clinical interview 
(not specified)

History of suicide behavior 
(+)

Sex (female), (+) psychiatric 
inpatient treatment (-)

Zivin et al[34], 
2007 

654232 7 Completed 
suicide

National register Substance use disorder, (+) 
PTSD (-)

1In comparison to black participants.
The methodological quality of the studies was assessed by means of the Newcastle-Ottawa Quality Assessment Scale. The relationships between the depression-related and risk factors with the suicide outcome were positive (+), 
indicating the higher the level of the factor (or the presence of this condition), the higher the risk of the suicide outcome. An inverse relationship between the depression-related and risk factors with the suicide outcome was indicated by 
(-), with higher levels of the factor (or the presence of this condition) associated with a lower suicide outcome risk. ASIQ: Adult suicidal ideation questionnaire; DSM: Diagnostic and statistical manual of mental disorders; BDI: Beck 
depression inventory; GMS-A: Geriatric mental state examination; GSIS: Geriatric suicide ideation scale; HDRS: Hamilton depression rating scale; ICD: International classification of diseases manual; MADRS: Montgomery-Asberg 
depression rating scale; SSI: Beck scale for suicidal ideation.

education was negatively associated with a higher risk of suicide behaviour 
engagement (i.e., suicidal ideation and attempt), as Aslan et al[3] reported.

In terms of depression features, the studies showed a higher risk of suicide in 
depressive episodes with earlier onset[20,51]. On the other hand, the use of antide-
pressants was associated with a lower risk of suicide behaviour[53], but results did not 
seem to be conclusive due to divergences with other studies. In this vein, Coupland et 
al[55] observed a higher probability to show suicide behaviour in patients under 
antidepressant treatment. Finally, the severity of depressive symptoms was strongly 
associated with higher suicide behaviour across studies[36,40,42,51,60]. Meeks et al[49] 
highlighted the relationship between sleep difficulty and suicidal ideation. More 
concretely, the study aimed to assess whether chronic pain would be associated with 
comorbidity, length of hospitalisation, suicidal ideation, and sleep duration in 
depressive geriatric inpatients. As a result, the authors found an elevated prevalence 
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Figure 1 Flow diagram of study selection 

of chronic pain among these patients (62% of patients). Moreover, patients with 
comorbid depression and chronic pain showed a higher risk of suicidal ideation than 
patients without chronic pain. Other factors associated with suicidal ideation in this 
study were the diagnosis of a personality disorder, more elevated medical burden, and 
total sleep time decrease.

The study by Lynch et al[38] provided some evidence in line with the well-known 
relationship between suicidal ideation and hopelessness. Finally, other studies point to 
a higher risk of suicidal behaviour in patient with both history of depressive episodes (
i.e., number of episodes and recurrence) and number of suicide episodes[51,52].

Regarding clinical factors, studies agree in highlighting the relationship between 
health status indicators and suicidality forms. First, some studies showed an increased 
risk of suicidality in psychiatric inpatients[34,52]. Moreover, mounting evidence has 
suggested a consistent relationship between anxiety (i.e., comorbid anxiety disorder or 
elevated anxiety symptoms) and suicide, regardless of suicidality form[3,22,41,59]. 
Other studies focused on comorbidity with other psychiatric disorders. In this vein, 
Zivin et al[34] highlighted a reduced risk of death by suicide among veterans with 
comorbid depression and posttraumatic stress disorder. However, this result was 
moderated by age, as younger veterans did show a higher suicide rate than their older 
counterparts. Results were contradictory regarding personality traits. As aforemen-
tioned, Meeks et al[49] did find a positive relationship between suicidal ideation and a 
diagnosis of a personality disorder in depressive older adults with chronic pain. 
However, Morse and Lynch[50] failed to identify positive correlations between 
pathological personality traits (i.e., paranoid, schizotypic, narcissistic, borderline, and 
avoidant) and suicidal ideation. On the other hand, the presence of co-occurring 
substance abuse disorder was associated with a higher suicide risk in this sample. 
Sacco et al[60] also found a significant relationship with alcohol use disorder. The 
association between cognitive decline and suicidal ideation seems to be evident as 
shown by Kiosses et al[45] and Richard-Devantoy et al[57], even though none of the 
studies addressing cognitive function included samples with either dementia or mild 
cognitive impairment.

Several studies showed an increased risk for suicidal behaviour with higher 
disability levels[20,22,40,42,47,48], poorer health status[22,39], and multimorbidity[41,
47]. Almeida et al[2] studied the relationship of multiple clinical factors with suicide 
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attempt and completed suicide among older men from Australia. The authors found 
that more than 57% of depressive men who completed suicide showed physical 
multimorbidity (i.e., five or more health conditions). McIntyre et al[22] aimed at 
providing some evidence on the influence of comorbid anxiety on suicidal risk of 
depressive patients. The authors concluded that anxiety and depression co-occurrence 
may represent a gradient of clinical severity, leading to increasing levels of poorer self-
reported health status, higher number of medical disorders, worse mental functioning, 
and greater use of emergency services. On the other hand, as aforementioned, chronic 
pain was associated with increased suicidal ideation[49]. Finally, the postmortem 
study by Nishida et al[33] revealed a clear relationship between stroke severity and 
completed suicide in older adults who had presented acute poststroke depression. 
More concretely, suicide victims were more likely to have shown progressive 
supranuclear palsy with argyrophilic grain disease.

In terms of psychosocial factors, the lack of social support has been systematically 
associated with suicidality across studies, particularly with suicidal ideation[20,40,41]. 
Innamorati et al[56] conducted a postmortem study comparing data from psycho-
logical interviews of patients who died by suicide and psychiatric outpatients who did 
not engage in suicide attempt. The study revealed higher levels of loneliness and lack 
of social support among suicide victims. Moreover, victims were more likely to be 
widowed and living alone before death. Finally, higher levels of stress were found 
among suicide victims. Bickford et al[42] also highlighted the relationship between 
perceived stress levels and suicidal ideation. Jokinen and Nordström[37] provided a 
piece of evidence connecting physiological stress response and suicide. The study 
analysed how the dexamethasone test (DST) may be useful to predict suicide attempt 
or death by suicide among depressed inpatients. A total of 24 patients (24.24% of 
sample participants) committed a suicide attempt and six patients died by suicide. The 
DST no-suppression was proven to be able to distinguish between suicide victims and 
survivors. On the other hand, Liu et al[36] explored how inflammatory factors and 
chemokines (the hypothalamus-pituitary-adrenal axis is involved in regulation of 
inflammatory factors) may distinguish between depressive men with and without 
suicidal ideation. As a result, participants with suicidal ideation showed higher levels 
of MCP-2/CCL8 chemokines than healthy controls and depressive men without 
suicidal ideation, as well as a higher number of depressive symptoms.

Finally, interventions to deal with depression and suicide behaviour deserve being 
mentioned. Eight studies analysed the effects of interventions to ameliorate depressive 
symptoms, targeting suicidal behaviour (i.e., ideation and attempting). Three studies 
tested psychological interventions[20,45,48], and three were focused on pharmaco-
logical interventions[43,46,55]; the study by Lohman et al[47] analysed the effects of a 
nursing-based intervention (the CAREPATH). On the other hand, the study by Szanto 
et al[51] included data from two primary trials on antidepressant treatments (i.e., 
paroxetine and nortriptyline) and another trial combining pharmacological and 
psychological treatment. The 12-wk problem adaptation therapy (PATH) programme 
was studied by Kiosses et al[45] and Arslanoglou et al[20]. The intervention was 
focused on providing emotion regulation skills. The PATH yielded reductions in 
suicidal ideation during the course of treatment, in comparison to supportive therapy. 
On the other hand, Lutz et al[48] evaluated factors related to suicide ideation due to a 
psychological treatment delivery (12-wk problem-solving therapy). As a result, they 
found that the changes in functional disability derived from the intervention predicted 
the reductions in suicidal ideation.

Regarding pharmacological interventions, results were mixed. First, Coupland et al
[55] showed that the use of antidepressants (regardless of typologies: Tricyclic antide-
pressants or selective serotonin reuptake inhibitors) was associated with the presence 
of suicide attempts among the patients. However, Bruce et al[43] found beneficial 
effects of the use of antidepressants following the PROSPECT clinical algorithm 
(citalopram and psychiatric sessions, with training for clinicians to better manage late-
life depression) on suicidal ideation. La Pia et al[46] studied the effect of fluoxetine on 
late-life depression. The authors found that suicidal ideation change was a robust 
predictor of treatment response. Szanto et al[51] pointed that symptom amelioration 
due to pharmacological intervention (with or without psychotherapy) was slower in 
depressive patients with a higher suicidality risk.

Lohman et al[47] analysed the effectiveness of the nurse-based depression 
management intervention (CAREPATH) in older adults with depression. The authors 
found a decreased risk of suicidal ideation in the CAREPATH group (only 31.3% of 
patients showing suicidal ideation in the 1-year follow-up), in comparison to controls 
(63.6% of them showing suicidal ideation). The decreased risk of suicidal ideation was 
associated with being an ethnic minority member, and lower limitations in instru-
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mental activities of daily living and burdensomeness.

DISCUSSION
This systematic review aimed to gain insight into the risk factors for suicide behaviour 
development in older people with depression. From a lifelong perspective, suicide 
behaviour may reach its level of maximum incidence rate in late life[5,10]. Depression 
constitutes a main contributor to suicide behaviour development across the lifespan[8,
64,65]. A total of 35 manuscripts were selected from our robust methodological 
approach, covering both clinical studies[20,33,55] and epidemiological studies[34]. 
Despite the wide heterogeneity observed between the studies, our review revealed 
that most papers focused on suicidal ideation, mainly using self-reported measures, 
followed by suicide-attempt studies. Very few studies addressed risk factors for early 
forms of suicidality, such as passive suicidal ideation (i.e., wish to die ideation)[22,39,
58], as well as completed suicide and its potential risk factors[2,33,56].

Our study focused on the role of four types of risk factors for suicide behaviour: 
Sociodemographic factors, factors related to depressive episodes (current episode and 
history of episodes), other clinical factors (both psychiatric and organic factors), and 
psychosocial factors. In addition, the effect of mental health interventions was studied. 
First, it highlighted the influence of some sociodemographic factors on suicidal 
ideation among depressive older adults: Being woman and White Caucasian[39,47,
52]. According to the integrated motivational-volitional model (IVM)[23], the genetic, 
biologically-based vulnerabilities may put individuals at higher risk of particular 
suicidality forms. In this vein, findings derived from the studies reviewed suggest that 
sex (being woman) and ethnic factors may show an age-invariant effect on suicidal 
ideation among depressive individuals, in line with other studies across the lifespan
[64,65]. Unfortunately, data exploring the relationship between sociodemographic 
factors and other suicidality forms (i.e., attempt and completed suicide) were not 
available for late-life depression patients. The exception that proves the rule only 
comprises two studies. First, Aslan et al[3] found a relationship between elevated 
suicidal ideation and attempt, and lower education level. Innamorati et al[56] showed 
that widowhood may be associated with a higher risk of engaging in suicide attempt 
and death by suicide. Widowhood may make social networks and participation 
become limited, with the subsequent emergence of feelings of loneliness and other 
mediators of suicide behavior[23]. Difficulties in emotion regulation and disease 
management may be related with a lower education level in old age[17,66]. In other 
words, lower education level may therefore be associated with poorer coping 
strategies. In line with the IVM[63], deficits in coping strategies may increase motiva-
tional moderators of suicidal ideation (i.e., feeling of defeat, hopelessness, humiliation, 
or entrapment). The difficulties in emotion regulation may also be seen in depressive 
older individuals with cognitive decline[67].

Some episode-related factors may be involved in the emergence of suicide 
behaviour symptoms. These factors may boost the influence of motivational 
moderators on suicidal ideation and may increase the probability of ideation turning 
into attempt subsequently. The history of recurrent depression deserves being 
mentioned. First, depressive older adults are very likely to show a history of previous 
episodes[13]. Moreover, a depressive episode tends to be associated with a poorer 
prognosis and enduring symptoms in late life[68,69]. The studies included in this 
review were quite consistent in highlighting an increased risk of suicidal ideation 
among people with more severe episodes (i.e., episode with an earlier onset, more 
severe symptoms, and treatment resistance) and those with a history of depressive 
episodes[20,36,42,46,51,60]. Conversion of suicidal ideation into suicide attempt may 
be boosted by the history of self-harm and suicide episodes, due to habituation 
processes and increased physical pain tolerance[55]. In this vein, people may 
erroneously learn that the suicide attempt constitutes an optimal strategy to cope with 
hassles and problematic situations[63].

Other clinical factors highlighted in our study were the presence of either a 
comorbid anxiety disorder or a co-occurring substance use disorder. Both types of 
disorders have been strongly associated with suicide behaviour symptoms[70,71]. Of 
particular interest is the relationship found between comorbid depressive and anxious 
symptoms and suicide among community-dwelling older adults, even from earlier 
subclinical stages[72,73]. On the other hand, alcohol-related disorders are strongly 
associated with suicide, both at the individual level (e.g., up to six times more 
likelihood to engage in suicide behaviour in alcohol abusers) and population (i.e., 
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increasing population drinking trends are associated with raising suicide rates) level
[74,75]. Conversely, the debate is still open on the relationship between pathological 
personality traits and suicide among depressive older adults, due to the low number 
of studies and mixed evidence obtained[49,50]. Some mediating factors (e.g., 
impulsivity or emotion dysregulation) are very likely to play a relevant role in the 
relationship between personality and suicide[23].

Multimorbidity and poorer health status have been systematically associated with 
suicide behaviour symptoms across studies[2,41,47]. In the similar vein, disease 
burden and difficulties in activities of daily living have proven to put depressive older 
adults at higher risk of suicide behaviour, regardless of suicidality form[20,42,48]. 
Disability and chronic diseases have shown a main, independent association with 
suicide, apart from depression[76,77]. However, these results should be considered 
more cautiously due to the influence of multiple ageing-related processes (e.g., inflam-
matory imbalance and metabolic dysregulation) on both depression and chronic 
disease development[78,79]. Anyway, disability and chronic disease management may 
be particularly challenging and stressful for older adults due to progressive functional 
losses, increased economic costs, and frequent hospital admission[80,81]. Elevated 
stress has also been associated with a higher risk of suicidality across the reviewed 
studies[10,56]. In line with the IVM, recurrent exposure to stressors and daily hassles 
may increase the salience and cognitive accessibility of suicide triggering individuals 
engaging in suicide attempt[23].

Regarding the psychosocial factors, the reviewed studies identified the lack of social 
support and increased feelings of loneliness as main contributors to suicide behaviour 
in depressive older adults[20,41,56]. Social participation and social support may buffer 
the impact of stress in late life. In turn, social resources may work as protective factors 
that prevent depressive symptom aggravation and suicide behaviour emergence[82,
83]. On the other hand, social isolation and related emotional states (i.e., loneliness) 
may lead to systematic deficient emotion regulation due to its impact on cognitive bias 
development (e.g., selective retrieval of negative memories), as well as metabolic 
dysregulation due to loss of adherence to healthy lifestyle habits[84-86].

Finally, eight intervention papers were reviewed in our study. Some of the papers 
analysed the effect of targeted treatments on suicide behaviour[45,47], and others 
(pharmacological treatments, mainly) focused on wide depressive symptoms[46,51]. 
As a main conclusion of these studies, the reductions in suicidal behaviour (suicidal 
ideation) were moderated by changes in risk factors (e.g., functional disability and 
burdensomeness) that may presumably involve deactivation of suicide-related 
cognitive mediators (e.g., hopelessness and feelings of entrapment). Unfortunately, 
further studies should be done to support this speculation. On the other hand, it was 
found that a robust predictor of treatment response to antidepressants was the 
reduction of suicidal ideation. Some studies postulate the role of suicide ideation as a 
central symptom of depression whose amelioration may lead to improvement in other 
symptoms, due to contagion mechanisms[87,88]. Therefore, all these studies stress the 
key role of suicide behaviour in the maintenance of a depressive disorder in late life.

The present study comes from a robust framework to systematically review the risk 
factors of suicide behaviour emergence, maintenance, and remission in depressive 
older adults. Depression constitutes a highly prevalent mental disorder with a 
dreadful impact in late life[89,90]. Suicide behaviour has been consistently associated 
with depression, leading to worse outcome. Our study examined suicide in depressive 
older adults considering varying suicidality forms (i.e., wish to die, suicidal ideation, 
attempt, and completed suicide). Moreover, a wide variety of risk factors were 
studied. On the other hand, the present study has some limitations that deserve 
mentioning. First, conclusions from this systematic review are essentially qualitative. 
Further studies should address the relationship between depression and suicide from 
a more analytical standpoint (i.e., meta-analysis). Furthermore, our review was focused 
on recent literature covering the period from 2000 onwards. In this regard, the present 
study serves as an updated picture of the existing literature on depression and suicide 
in older adults. On the other hand, subthreshold depression was not addressed in this 
study. Some studies have demonstrated an evident relationship between subclinical 
depression statuses and suicide in old age[73,91,92]. In this regard, full-blown 
depressive disorders are related to a higher risk of negative outcomes and usually 
show a poorer prognosis in late life[89,93]. Finally, this study came from defining older 
adults as individuals who are 65 years or older. Our definition goes in line with that 
proposed by the World Health Organization[94]. Although we are aware that this 
definition might be narrowed, we decided to adopt a robust criterion for older age 
definition due to the huge variability of definitions across cultures[95].
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CONCLUSION
Some clinical implications may be derived from our study. First, further research 
should be done to disentangle specific mechanisms involved in some forms of 
suicidality. In this vein, it is particularly relevant to gain insight into potential risk 
factors for dangerous suicidality forms (e.g., suicide attempt and re-attempt) in a 
vulnerable population as older adults are. Second, policy makers may have a decisive 
role in tackling suicide in old age by promoting multicomponent prevention strategies, 
addressing both health-related and social factors (e.g., strategies to promote social 
participation). Finally, suicide-targeted interventions should be developed and 
delivered on a wider basis to tackle the excess of mortality by suicide and to treat 
depression syndromes in older adults. In the same vein, suicide behaviour should be 
prioritised as a key therapeutic goal, even from its earliest forms (i.e., wish to die).

ARTICLE HIGHLIGHTS
Research background
Suicide is one of the most relevant health hazards worldwide, particularly in old age 
with elevated rates of mortality by suicide. Depression constitutes the most prevalent 
mental health condition in old age, affecting almost one in five older adults at a 
community level. Depression is one of the most relevant risk factor for suicide 
behaviour in its multiple forms (i.e., ideation, attempt, and completed suicide).

Research motivation
This study comes from the interest in reinforcing lines on research at community and 
clinical levels so as to improve the quality of life of older patients that may show 
severe mental health conditions: Older adults with depression and suicidal ideation 
and behaviour.

Research objectives
This study aimed to analyse the relationship between risk factors for suicide behaviour 
development and late-life depression, as well as to explore the effects of depression 
treatment on suicide behaviour.

Research methods
A systematic review was conducted covering the period from 2000 onwards, by 
selecting scientific papers on the relationship between late-life depression and suicide. 
The review was conducted following the guidelines proposed by the PRISMA-P 2015 
statement.

Research results
Factors related to depressive episode severity, psychiatric comorbidity, poorer health 
status, and disability were highlighted to be related with the emergence of suicide 
behaviour among depressive older adults. Psychosocial factors were also involved in 
suicide behaviour emergence. Finally, suicidal behaviour was proven to be a key 
predictor of depression treatment response.

Research conclusions
Very few studies were focused on severe suicidal behaviour. For that reason, further 
research is needed to accurately disentangle the pathways involved in the transition 
between ideation and suicide attempt to prevent death by suicide. Changes in suicidal 
ideation seem to be decisive in terms of depressive disorder prognosis in late life.

Research perspectives
The results may help increase the awareness on the study of mechanisms involved in 
suicide from people at risk, as those with a depressive disorder, an actual lure in late 
life, taking into account its devastating impact in terms of mental health and 
wellbeing.



Fernandez-Rodrigues V et al. Suicide and late-life depression

WJP https://www.wjgnet.com 199 January 19, 2022 Volume 12 Issue 1

REFERENCES
World Health Organization (WHO).   Suicide Worldwide in 2019: Global Health Estimates. 2021. 
[cited 10 April 2021]. Available from: https://www.who.int/

1     

Almeida OP, McCaul K, Hankey GJ, Yeap BB, Golledge J, Flicker L. Suicide in older men: The 
health in men cohort study (HIMS). Prev Med 2016; 93: 33-38 [PMID: 27663430 DOI: 
10.1016/j.ypmed.2016.09.022]

2     

Aslan M, Hocaoglu C, Bahceci B. Description of suicide ideation among older adults and a 
psychological profile: a cross-sectional study in Turkey. Cien Saude Colet 2019; 24: 1865-1874 
[PMID: 31166519 DOI: 10.1590/1413-81232018245.14232017]

3     

Koo YW, Kõlves K, De Leo D. Suicide in older adults: differences between the young-old, middle-
old, and oldest old. Int Psychogeriatr 2017; 29: 1297-1306 [PMID: 28511737 DOI: 
10.1017/S1041610217000618]

4     

Snowdon J, Phillips J, Zhong B, Yamauchi T, Chiu HF, Conwell Y. Changes in age patterns of 
suicide in Australia, the United States, Japan and Hong Kong. J Affect Disord 2017; 211: 12-19 
[PMID: 28081432 DOI: 10.1016/j.jad.2017.01.007]

5     

Espinosa JJ, Grynberg BB, Patricia M, Mendoza R. Riesgo y letalidad suicida en pacientes con 
trastorno límite de la personalidad (TLP), en un hospital de psiquiatría. Sal Ment  2009; 32: 317-25 
[DOI: 10.26439/ulima.tesis/1882]

6     

Dong M, Wang SB, Li Y, Xu DD, Ungvari GS, Ng CH, Chow IHI, Xiang YT. Prevalence of suicidal 
behaviors in patients with major depressive disorder in China: A comprehensive meta-analysis. J 
Affect Disord 2018; 225: 32-39 [PMID: 28779680 DOI: 10.1016/j.jad.2017.07.043]

7     

Gili M, Castellví P, Vives M, de la Torre-Luque A, Almenara J, Blasco MJ, Cebrià AI, Gabilondo A, 
Pérez-Ara MA, A MM, Lagares C, Parés-Badell O, Piqueras JA, Rodríguez-Jiménez T, Rodríguez-
Marín J, Soto-Sanz V, Alonso J, Roca M. Mental disorders as risk factors for suicidal behavior in 
young people: A meta-analysis and systematic review of longitudinal studies. J Affect Disord 2019; 
245: 152-162 [PMID: 30390504 DOI: 10.1016/j.jad.2018.10.115]

8     

Gregory R, Sperry SD, Williamson D, Kuch-Cecconi R, Spink GL Jr. High Prevalence of Borderline 
Personality Disorder Among Psychiatric Inpatients Admitted for Suicidality. J Pers Disord 2021; 35: 
776-787 [PMID: 33661019 DOI: 10.1521/pedi_2021_35_508]

9     

Bickford D, Morin RT, Nelson JC, Mackin RS. Determinants of Suicide-related Ideation in Late Life 
Depression: Associations with Perceived Stress. Clin Gerontol 2020; 43: 37-45 [PMID: 31514586 
DOI: 10.1080/07317115.2019.1666442]

10     

Ferrari AJ, Charlson FJ, Norman RE, Patten SB, Freedman G, Murray CJ, Vos T, Whiteford HA. 
Burden of depressive disorders by country, sex, age, and year: findings from the global burden of 
disease study 2010. PLoS Med 2013; 10: e1001547 [PMID: 24223526 DOI: 
10.1371/journal.pmed.1001547]

11     

Hegeman JM, Kok RM, van der Mast RC, Giltay EJ. Phenomenology of depression in older 
compared with younger adults: meta-analysis. Br J Psychiatry 2012; 200: 275-281 [PMID: 22474233 
DOI: 10.1192/bjp.bp.111.095950]

12     

de la Torre-Luque A, de la Fuente J, Sanchez-Niubo A, Caballero FF, Prina M, Muniz-Terrera G, 
Haro JM, Ayuso-Mateos JL. Stability of clinically relevant depression symptoms in old-age across 11 
cohorts: a multi-state study. Acta Psychiatr Scand 2019; 140: 541-551 [PMID: 31566713 DOI: 
10.1111/acps.13107]

13     

Subramaniam H, Mitchell AJ. The prognosis of depression in late life vs mid-life: implications for 
the treatment of older adults. Int Psychogeriatr 2005; 17: 533-537 [PMID: 16246263 DOI: 
10.1017/S1041610205002437]

14     

Edde M, Leroux G, Altena E, Chanraud S. Functional brain connectivity changes across the human 
life span: From fetal development to old age. J Neurosci Res 2021; 99: 236-262 [PMID: 32557768 
DOI: 10.1002/jnr.24669]

15     

Franceschi C, Capri M, Monti D, Giunta S, Olivieri F, Sevini F, Panourgia MP, Invidia L, Celani L, 
Scurti M, Cevenini E, Castellani GC, Salvioli S. Inflammaging and anti-inflammaging: a systemic 
perspective on aging and longevity emerged from studies in humans. Mech Ageing Dev 2007; 128: 
92-105 [PMID: 17116321 DOI: 10.1016/j.mad.2006.11.016]

16     

de la Torre-Luque A, de la Fuente J, Prina M, Sanchez-Niubo A, Haro JM, Ayuso-Mateos JL. Long-
term trajectories of depressive symptoms in old age: Relationships with sociodemographic and health-
related factors. J Affect Disord 2019; 246: 329-337 [PMID: 30594876 DOI: 
10.1016/j.jad.2018.12.122]

17     

Repousi N, Masana MF, Sanchez-Niubo A, Haro JM, Tyrovolas S. Depression and metabolic 
syndrome in the older population: A review of evidence. J Affect Disord 2018; 237: 56-64 [PMID: 
29772477 DOI: 10.1016/j.jad.2018.04.102]

18     

Byers AL, Yaffe K. Depression and risk of developing dementia. Nat Rev Neurol 2011; 7: 323-331 
[PMID: 21537355 DOI: 10.1038/nrneurol.2011.60]

19     

Arslanoglou E, Banerjee S, Pantelides J, Evans L, Kiosses DN. Negative Emotions and the Course of 
Depression During Psychotherapy in Suicidal Older Adults With Depression and Cognitive 
Impairment. Am J Geriatr Psychiatry 2019; 27: 1287-1295 [PMID: 31582195 DOI: 
10.1016/j.jagp.2019.08.018]

20     

Lee TW, Tsai SJ, Yang CH, Hwang JP. Clinical and phenomenological comparisons of delusional 
and non-delusional major depression in the Chinese elderly. Int J Geriatr Psychiatry 2003; 18: 486-

21     

https://www.who.int/
http://www.ncbi.nlm.nih.gov/pubmed/27663430
https://dx.doi.org/10.1016/j.ypmed.2016.09.022
http://www.ncbi.nlm.nih.gov/pubmed/31166519
https://dx.doi.org/10.1590/1413-81232018245.14232017
http://www.ncbi.nlm.nih.gov/pubmed/28511737
https://dx.doi.org/10.1017/S1041610217000618
http://www.ncbi.nlm.nih.gov/pubmed/28081432
https://dx.doi.org/10.1016/j.jad.2017.01.007
https://dx.doi.org/10.26439/ulima.tesis/1882
http://www.ncbi.nlm.nih.gov/pubmed/28779680
https://dx.doi.org/10.1016/j.jad.2017.07.043
http://www.ncbi.nlm.nih.gov/pubmed/30390504
https://dx.doi.org/10.1016/j.jad.2018.10.115
http://www.ncbi.nlm.nih.gov/pubmed/33661019
https://dx.doi.org/10.1521/pedi_2021_35_508
http://www.ncbi.nlm.nih.gov/pubmed/31514586
https://dx.doi.org/10.1080/07317115.2019.1666442
http://www.ncbi.nlm.nih.gov/pubmed/24223526
https://dx.doi.org/10.1371/journal.pmed.1001547
http://www.ncbi.nlm.nih.gov/pubmed/22474233
https://dx.doi.org/10.1192/bjp.bp.111.095950
http://www.ncbi.nlm.nih.gov/pubmed/31566713
https://dx.doi.org/10.1111/acps.13107
http://www.ncbi.nlm.nih.gov/pubmed/16246263
https://dx.doi.org/10.1017/S1041610205002437
http://www.ncbi.nlm.nih.gov/pubmed/32557768
https://dx.doi.org/10.1002/jnr.24669
http://www.ncbi.nlm.nih.gov/pubmed/17116321
https://dx.doi.org/10.1016/j.mad.2006.11.016
http://www.ncbi.nlm.nih.gov/pubmed/30594876
https://dx.doi.org/10.1016/j.jad.2018.12.122
http://www.ncbi.nlm.nih.gov/pubmed/29772477
https://dx.doi.org/10.1016/j.jad.2018.04.102
http://www.ncbi.nlm.nih.gov/pubmed/21537355
https://dx.doi.org/10.1038/nrneurol.2011.60
http://www.ncbi.nlm.nih.gov/pubmed/31582195
https://dx.doi.org/10.1016/j.jagp.2019.08.018


Fernandez-Rodrigues V et al. Suicide and late-life depression

WJP https://www.wjgnet.com 200 January 19, 2022 Volume 12 Issue 1

490 [PMID: 12789668 DOI: 10.1002/gps.870]
McIntyre J, Cheal K, Bartels S, Durai UN, Herr BM, Quijano L, Llorente M, Ware JH, Constantino 
G, Miller C, Kirchner J, Levkoff, SE. Anxiety and Depressive Disorders in Older Primary Care 
Patients: Defining a Clinical Severity Gradient Corresponding to Differences in Health Status, 
Functioning, and Health Service Use. Ageing Int 2008; 32: 93-107 [DOI: 
10.1007/s12126-008-9011-6]

22     

O'Connor RC, Kirtley OJ. The integrated motivational-volitional model of suicidal behaviour. Philos 
Trans R Soc Lond B Biol Sci 2018; 373 [PMID: 30012735 DOI: 10.1098/rstb.2017.0268]

23     

Fraser C, Luther J, Kasckow J. Risk Factors for Suicide in Older Inpatient Veterans with 
Schizophrenia. Community Ment Health J 2019; 55: 267-270 [PMID: 29589219 DOI: 
10.1007/s10597-018-0267-3]

24     

Mansour R, Tsamakis K, Rizos E, Perera G, Das-Munshi J, Stewart R, Mueller C. Late-life 
depression in people from ethnic minority backgrounds: Differences in presentation and management. 
J Affect Disord 2020; 264: 340-347 [PMID: 32056770 DOI: 10.1016/j.jad.2019.12.031]

25     

Schmutte T, Olfson M, Xie M, Marcus SC. Self-Harm, Suicidal Ideation, and Attempted Suicide in 
Older Adults: A National Study of Emergency Department Visits and Follow-Up Care. Am J Geriatr 
Psychiatry 2020; 28: 646-658 [PMID: 31917069 DOI: 10.1016/j.jagp.2019.12.003]

26     

Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. PLoS Med 2009; 6: e1000097 [PMID: 
19621072 DOI: 10.1371/journal.pmed.1000097]

27     

Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle P, Stewart LA; 
PRISMA-P Group. Preferred reporting items for systematic review and meta-analysis protocols 
(PRISMA-P) 2015 statement. Syst Rev 2015; 4: 1 [PMID: 25554246 DOI: 10.1186/2046-4053-4-1]

28     

O'Connell H, Chin AV, Cunningham C, Lawlor BA. Recent developments: suicide in older people. 
BMJ 2004; 329: 895-899 [PMID: 15485967 DOI: 10.1136/bmj.329.7471.895]

29     

Rurup ML, Deeg DJ, Poppelaars JL, Kerkhof AJ, Onwuteaka-Philipsen BD. Wishes to die in older 
people: a quantitative study of prevalence and associated factors. Crisis 2011; 32: 194-203 [PMID: 
21940260 DOI: 10.1027/0227-5910/a000079]

30     

Rurup ML, Pasman HR, Goedhart J, Deeg DJ, Kerkhof AJ, Onwuteaka-Philipsen BD. 
Understanding why older people develop a wish to die: a qualitative interview study. Crisis 2011; 32: 
204-216 [PMID: 21940258 DOI: 10.1027/0227-5910/a000078]

31     

Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, Tugwell P.   The Newcastle-Ottawa 
Scale (NOS) for assessing the quality if nonrandomized studies in meta-analyses, 2012. [cited 10 
April 2021]. Available from: http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp

32     

Nishida N, Hata Y, Yoshida K, Kinoshita K. Neuropathologic features of suicide victims who 
presented with acute poststroke depression: significance of association with neurodegenerative 
disorders. J Neuropathol Exp Neurol 2015; 74: 401-410 [PMID: 25853693 DOI: 
10.1097/NEN.0000000000000184]

33     

Zivin K, Kim HM, McCarthy JF, Austin KL, Hoggatt KJ, Walters H, Valenstein M. Suicide mortality 
among individuals receiving treatment for depression in the Veterans Affairs health system: 
associations with patient and treatment setting characteristics. Am J Public Health 2007; 97: 2193-
2198 [PMID: 17971541 DOI: 10.2105/AJPH.2007.115477]

34     

Hwang JP, Lee TW, Tsai SJ, Chen TJ, Yang CH, Lirng JF, Tsai CF. Cortical and subcortical 
abnormalities in late-onset depression with history of suicide attempts investigated with MRI and 
voxel-based morphometry. J Geriatr Psychiatry Neurol 2010; 23: 171-184 [PMID: 20430976 DOI: 
10.1177/0891988710363713]

35     

Liu MN, Tsai SJ, Yeh HL, Wu CC, Lin CP. MCP-2/CCL8 Level Associated With Suicidal Ideation 
in Elderly Men With Major Depression. Arch Suicide Res 2020; 24: 467-476 [PMID: 32000634 DOI: 
10.1080/13811118.2019.1649772]

36     

Jokinen J, Nordström P. HPA axis hyperactivity as suicide predictor in elderly mood disorder 
inpatients. Psychoneuroendocrinology 2008; 33: 1387-1393 [PMID: 18805641 DOI: 
10.1016/j.psyneuen.2008.07.012]

37     

Lynch TR, Cheavens JS, Morse JQ, Rosenthal MZ. A model predicting suicidal ideation and 
hopelessness in depressed older adults: the impact of emotion inhibition and affect intensity. Aging 
Ment Health 2004; 8: 486-497 [PMID: 15724830 DOI: 10.1080/13607860412331303775]

38     

Barnow S, Linden M, Freyberger HJ. The relation between suicidal feelings and mental disorders in 
the elderly: results from the Berlin Aging Study (BASE). Psychol Med 2004; 34: 741-746 [PMID: 
15099427 DOI: 10.1017/S0033291703008912]

39     

Awata S, Seki T, Koizumi Y, Sato S, Hozawa A, Omori K, Kuriyama S, Arai H, Nagatomi R, 
Matsuoka H, Tsuji I. Factors associated with suicidal ideation in an elderly urban Japanese 
population: a community-based, cross-sectional study. Psychiatry Clin Neurosci 2005; 59: 327-336 
[PMID: 15896227 DOI: 10.1111/j.1440-1819.2005.01378.x]

40     

Bartels SJ, Coakley E, Oxman TE, Constantino G, Oslin D, Chen H, Zubritsky C, Cheal K, Durai 
UN, Gallo JJ, Llorente M, Sanchez H. Suicidal and death ideation in older primary care patients with 
depression, anxiety, and at-risk alcohol use. Am J Geriatr Psychiatry 2002; 10: 417-427 [PMID: 
12095901]

41     

Bickford D, Morin RT, Woodworth C, Verduzco E, Khan M, Burns E, Nelson JC, Mackin RS. The 
relationship of frailty and disability with suicidal ideation in late life depression. Aging Ment Health 
2021; 25: 439-444 [PMID: 31809584 DOI: 10.1080/13607863.2019.1698514]

42     

http://www.ncbi.nlm.nih.gov/pubmed/12789668
https://dx.doi.org/10.1002/gps.870
https://dx.doi.org/10.1007/s12126-008-9011-6
http://www.ncbi.nlm.nih.gov/pubmed/30012735
https://dx.doi.org/10.1098/rstb.2017.0268
http://www.ncbi.nlm.nih.gov/pubmed/29589219
https://dx.doi.org/10.1007/s10597-018-0267-3
http://www.ncbi.nlm.nih.gov/pubmed/32056770
https://dx.doi.org/10.1016/j.jad.2019.12.031
http://www.ncbi.nlm.nih.gov/pubmed/31917069
https://dx.doi.org/10.1016/j.jagp.2019.12.003
http://www.ncbi.nlm.nih.gov/pubmed/19621072
https://dx.doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pubmed/25554246
https://dx.doi.org/10.1186/2046-4053-4-1
http://www.ncbi.nlm.nih.gov/pubmed/15485967
https://dx.doi.org/10.1136/bmj.329.7471.895
http://www.ncbi.nlm.nih.gov/pubmed/21940260
https://dx.doi.org/10.1027/0227-5910/a000079
http://www.ncbi.nlm.nih.gov/pubmed/21940258
https://dx.doi.org/10.1027/0227-5910/a000078
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ncbi.nlm.nih.gov/pubmed/25853693
https://dx.doi.org/10.1097/NEN.0000000000000184
http://www.ncbi.nlm.nih.gov/pubmed/17971541
https://dx.doi.org/10.2105/AJPH.2007.115477
http://www.ncbi.nlm.nih.gov/pubmed/20430976
https://dx.doi.org/10.1177/0891988710363713
http://www.ncbi.nlm.nih.gov/pubmed/32000634
https://dx.doi.org/10.1080/13811118.2019.1649772
http://www.ncbi.nlm.nih.gov/pubmed/18805641
https://dx.doi.org/10.1016/j.psyneuen.2008.07.012
http://www.ncbi.nlm.nih.gov/pubmed/15724830
https://dx.doi.org/10.1080/13607860412331303775
http://www.ncbi.nlm.nih.gov/pubmed/15099427
https://dx.doi.org/10.1017/S0033291703008912
http://www.ncbi.nlm.nih.gov/pubmed/15896227
https://dx.doi.org/10.1111/j.1440-1819.2005.01378.x
http://www.ncbi.nlm.nih.gov/pubmed/12095901
http://www.ncbi.nlm.nih.gov/pubmed/31809584
https://dx.doi.org/10.1080/13607863.2019.1698514


Fernandez-Rodrigues V et al. Suicide and late-life depression

WJP https://www.wjgnet.com 201 January 19, 2022 Volume 12 Issue 1

Bruce ML, Ten Have TR, Reynolds CF 3rd, Katz II, Schulberg HC, Mulsant BH, Brown GK, 
McAvay GJ, Pearson JL, Alexopoulos GS. Reducing suicidal ideation and depressive symptoms in 
depressed older primary care patients: a randomized controlled trial. JAMA 2004; 291: 1081-1091 
[PMID: 14996777 DOI: 10.1001/jama.291.9.1081]

43     

Cole MG, McCusker J, Ciampi A, Windholz S, Latimer E, Belzile E. The prognosis of major and 
minor depression in older medical inpatients. Am J Geriatr Psychiatry 2006; 14: 966-975 [PMID: 
17068319 DOI: 10.1097/01.JGP.0000224327.16963.9f]

44     

Kiosses DN, Gross JJ, Banerjee S, Duberstein PR, Putrino D, Alexopoulos GS. Negative Emotions 
and Suicidal Ideation during Psychosocial Treatments in Older Adults with Major Depression and 
Cognitive Impairment. Am J Geriatr Psychiatry 2017; 25: 620-629 [PMID: 28223082 DOI: 
10.1016/j.jagp.2017.01.011]

45     

La Pia S, Fuschillo C, Giorgio D, Ciriello R, Pinto A, Rivellini M, De Simone L. Sertonin (5-HT)-
related symptoms and fluoxetine in geriatric depression. Arch Gerontol Geriatr Suppl 2001; 7: 213-
225 [PMID: 11431067 DOI: 10.1016/s0167-4943(01)00142-x]

46     

Lohman MC, Raue PJ, Greenberg RL, Bruce ML. Reducing suicidal ideation in home health care: 
results from the CAREPATH depression care management trial. Int J Geriatr Psychiatry 2016; 31: 
708-715 [PMID: 26552852 DOI: 10.1002/gps.4381]

47     

Lutz J, Mackin RS, Otero MC, Morin R, Bickford D, Tosun D, Satre DD, Gould CE, Nelson JC, 
Beaudreau SA. Improvements in Functional Disability After Psychotherapy for Depression Are 
Associated With Reduced Suicide Ideation Among Older Adults. Am J Geriatr Psychiatry 2021; 29: 
557-561 [PMID: 33097388 DOI: 10.1016/j.jagp.2020.09.021]

48     

Meeks TW, Dunn LB, Kim DS, Golshan S, Sewell DD, Atkinson JH, Lebowitz BD. Chronic pain 
and depression among geriatric psychiatry inpatients. Int J Geriatr Psychiatry 2008; 23: 637-642 
[PMID: 18041102 DOI: 10.1002/gps.1954]

49     

Morse JQ, Lynch TR. A preliminary investigation of self-reported personality disorders in late life: 
prevalence, predictors of depressive severity, and clinical correlates. Aging Ment Health 2004; 8: 307-
315 [PMID: 15370047 DOI: 10.1080/13607860410001709674]

50     

Szanto K, Mulsant BH, Houck P, Dew MA, Reynolds CF 3rd. Occurrence and course of suicidality 
during short-term treatment of late-life depression. Arch Gen Psychiatry 2003; 60: 610-617 [PMID: 
12796224 DOI: 10.1001/archpsyc.60.6.610]

51     

Tan LL, Wong HB. Severity of depression and suicidal ideations among elderly people in Singapore. 
Int Psychogeriatr 2008; 20: 338-346 [PMID: 17651526 DOI: 10.1017/S1041610207005789]

52     

Barak Y, Olmer A, Aizenberg D. Antidepressants reduce the risk of suicide among elderly depressed 
patients. Neuropsychopharmacology 2006; 31: 178-181 [PMID: 16123751 DOI: 
10.1038/sj.npp.1300863]

53     

Brådvik L, Berglund M. Repetition and severity of suicide attempts across the life cycle: a 
comparison by age group between suicide victims and controls with severe depression. BMC 
Psychiatry 2009; 9: 62 [PMID: 19788725 DOI: 10.1186/1471-244X-9-62]

54     

Coupland C, Dhiman P, Morriss R, Arthur A, Barton G, Hippisley-Cox J. Antidepressant use and 
risk of adverse outcomes in older people: population based cohort study. BMJ 2011; 343: d4551 
[PMID: 21810886 DOI: 10.1136/bmj.d4551]

55     

Innamorati M, Pompili M, Di Vittorio C, Baratta S, Masotti V, Badaracco A, Conwell Y, Girardi P, 
Amore M. Suicide in the old elderly: results from one Italian county. Am J Geriatr Psychiatry 2014; 
22: 1158-1167 [PMID: 23890752 DOI: 10.1016/j.jagp.2013.03.003]

56     

Richard-Devantoy S, Jollant F, Kefi Z, Turecki G, Olié JP, Annweiler C, Beauchet O, Le Gall D. 
Deficit of cognitive inhibition in depressed elderly: a neurocognitive marker of suicidal risk. J Affect 
Disord 2012; 140: 193-199 [PMID: 22464009 DOI: 10.1016/j.jad.2012.03.006]

57     

Bonnewyn A, Shah A, Bruffaerts R, Demyttenaere K. Factors determining the balance between the 
wish to die and the wish to live in older adults. Int J Geriatr Psychiatry 2017; 32: 685-691 [PMID: 
27237707 DOI: 10.1002/gps.4511]

58     

Bakkane Bendixen A, Engedal K, Selbæk G, Hartberg CB. Anxiety Symptoms in Older Adults with 
Depression Are Associated with Suicidality. Dement Geriatr Cogn Disord 2018; 45: 180-189 [PMID: 
29860257 DOI: 10.1159/000488480]

59     

Sacco P, Unick GJ, Zanjani F, Camlin EA. Hospital outcomes in major depression among older 
adults: differences by alcohol comorbidity. J Dual Diagn 2015; 11: 83-92 [PMID: 25671685 DOI: 
10.1080/15504263.2014.993295]

60     

HAMILTON M. A rating scale for depression. J Neurol Neurosurg Psychiatry 1960; 23: 56-62 
[PMID: 14399272 DOI: 10.1136/jnnp.23.1.56]

61     

American Psychiatric Association.   Diagnostic and Statistical Manual of Mental Disorders. 4th ed. 
Panamerican publishing house; 1994

62     

Beck AT, Kovacs M, Weissman A. Assessment of suicidal intention: the Scale for Suicide Ideation. J 
Consult Clin Psychol 1979; 47: 343-352 [PMID: 469082 DOI: 10.1037//0022-006x.47.2.343]

63     

Ivey-Stephenson AZ, Demissie Z, Crosby AE, Stone DM, Gaylor E, Wilkins N, Lowry R, Brown M. 
Suicidal Ideation and Behaviors Among High School Students - Youth Risk Behavior Survey, United 
States, 2019. MMWR Suppl 2020; 69: 47-55 [PMID: 32817610 DOI: 10.15585/mmwr.su6901a6]

64     

Steele IH, Thrower N, Noroian P, Saleh FM. Understanding Suicide Across the Lifespan: A United 
States Perspective of Suicide Risk Factors, Assessment & Management. J Forensic Sci 2018; 63: 162-
171 [PMID: 28639299 DOI: 10.1111/1556-4029.13519]

65     

Marengoni A, Angleman S, Melis R, Mangialasche F, Karp A, Garmen A, Meinow B, Fratiglioni L. 66     

http://www.ncbi.nlm.nih.gov/pubmed/14996777
https://dx.doi.org/10.1001/jama.291.9.1081
http://www.ncbi.nlm.nih.gov/pubmed/17068319
https://dx.doi.org/10.1097/01.JGP.0000224327.16963.9f
http://www.ncbi.nlm.nih.gov/pubmed/28223082
https://dx.doi.org/10.1016/j.jagp.2017.01.011
http://www.ncbi.nlm.nih.gov/pubmed/11431067
https://dx.doi.org/10.1016/s0167-4943(01)00142-x
http://www.ncbi.nlm.nih.gov/pubmed/26552852
https://dx.doi.org/10.1002/gps.4381
http://www.ncbi.nlm.nih.gov/pubmed/33097388
https://dx.doi.org/10.1016/j.jagp.2020.09.021
http://www.ncbi.nlm.nih.gov/pubmed/18041102
https://dx.doi.org/10.1002/gps.1954
http://www.ncbi.nlm.nih.gov/pubmed/15370047
https://dx.doi.org/10.1080/13607860410001709674
http://www.ncbi.nlm.nih.gov/pubmed/12796224
https://dx.doi.org/10.1001/archpsyc.60.6.610
http://www.ncbi.nlm.nih.gov/pubmed/17651526
https://dx.doi.org/10.1017/S1041610207005789
http://www.ncbi.nlm.nih.gov/pubmed/16123751
https://dx.doi.org/10.1038/sj.npp.1300863
http://www.ncbi.nlm.nih.gov/pubmed/19788725
https://dx.doi.org/10.1186/1471-244X-9-62
http://www.ncbi.nlm.nih.gov/pubmed/21810886
https://dx.doi.org/10.1136/bmj.d4551
http://www.ncbi.nlm.nih.gov/pubmed/23890752
https://dx.doi.org/10.1016/j.jagp.2013.03.003
http://www.ncbi.nlm.nih.gov/pubmed/22464009
https://dx.doi.org/10.1016/j.jad.2012.03.006
http://www.ncbi.nlm.nih.gov/pubmed/27237707
https://dx.doi.org/10.1002/gps.4511
http://www.ncbi.nlm.nih.gov/pubmed/29860257
https://dx.doi.org/10.1159/000488480
http://www.ncbi.nlm.nih.gov/pubmed/25671685
https://dx.doi.org/10.1080/15504263.2014.993295
http://www.ncbi.nlm.nih.gov/pubmed/14399272
https://dx.doi.org/10.1136/jnnp.23.1.56
http://www.ncbi.nlm.nih.gov/pubmed/469082
https://dx.doi.org/10.1037//0022-006x.47.2.343
http://www.ncbi.nlm.nih.gov/pubmed/32817610
https://dx.doi.org/10.15585/mmwr.su6901a6
http://www.ncbi.nlm.nih.gov/pubmed/28639299
https://dx.doi.org/10.1111/1556-4029.13519


Fernandez-Rodrigues V et al. Suicide and late-life depression

WJP https://www.wjgnet.com 202 January 19, 2022 Volume 12 Issue 1

Aging with multimorbidity: a systematic review of the literature. Ageing Res Rev 2011; 10: 430-439 
[PMID: 21402176 DOI: 10.1016/j.arr.2011.03.003]
Joormann J, Gotlib IH. Emotion regulation in depression: relation to cognitive inhibition. Cogn 
Emot 2010; 24: 281-298 [PMID: 20300538 DOI: 10.1080/02699930903407948]

67     

Jeuring HW, Stek ML, Huisman M, Oude Voshaar RC, Naarding P, Collard RM, van der Mast RC, 
Kok RM, Beekman ATF, Comijs HC. A Six-Year Prospective Study of the Prognosis and Predictors 
in Patients With Late-Life Depression. Am J Geriatr Psychiatry 2018; 26: 985-997 [PMID: 29910018 
DOI: 10.1016/j.jagp.2018.05.005]

68     

van den Berg KS, Wiersema C, Hegeman JM, van den Brink RHS, Rhebergen D, Marijnissen RM, 
Oude Voshaar RC. Clinical characteristics of late-life depression predicting mortality. Aging Ment 
Health 2021; 25: 476-483 [PMID: 31830826 DOI: 10.1080/13607863.2019.1699900]

69     

Bentley KH, Franklin JC, Ribeiro JD, Kleiman EM, Fox KR, Nock MK. Anxiety and its disorders as 
risk factors for suicidal thoughts and behaviors: A meta-analytic review. Clin Psychol Rev 2016; 43: 
30-46 [PMID: 26688478 DOI: 10.1016/j.cpr.2015.11.008]

70     

Yuodelis-Flores C, Ries RK. Addiction and suicide: A review. Am J Addict 2015; 24: 98-104 [PMID: 
25644860 DOI: 10.1111/ajad.12185]

71     

Mykletun A, Bjerkeset O, Dewey M, Prince M, Overland S, Stewart R. Anxiety, depression, and 
cause-specific mortality: the HUNT study. Psychosom Med 2007; 69: 323-331 [PMID: 17470669 
DOI: 10.1097/PSY.0b013e31803cb862]

72     

Zhang J, Liu X, Fang L. Combined effects of depression and anxiety on suicide: A case-control 
psychological autopsy study in rural China. Psychiatry Res 2019; 271: 370-373 [PMID: 30529321 
DOI: 10.1016/j.psychres.2018.11.010]

73     

Borges G, Bagge CL, Cherpitel CJ, Conner KR, Orozco R, Rossow I. A meta-analysis of acute use of 
alcohol and the risk of suicide attempt. Psychol Med 2017; 47: 949-957 [PMID: 27928972 DOI: 
10.1017/S0033291716002841]

74     

Norström T, Rossow I. Alcohol Consumption as a Risk Factor for Suicidal Behavior: A Systematic 
Review of Associations at the Individual and at the Population Level. Arch Suicide Res 2016; 20: 489-
506 [PMID: 26953621 DOI: 10.1080/13811118.2016.1158678]

75     

Erlangsen A, Stenager E, Conwell Y. Physical diseases as predictors of suicide in older adults: a 
nationwide, register-based cohort study. Soc Psychiatry Psychiatr Epidemiol 2015; 50: 1427-1439 
[PMID: 25835959 DOI: 10.1007/s00127-015-1051-0]

76     

Zhu J, Xu L, Sun L, Li J, Qin W, Ding G, Wang Q, Zhang J, Xie S, Yu Z. Chronic Disease, 
Disability, Psychological Distress and Suicide Ideation among Rural Elderly: Results from a 
Population Survey in Shandong. Int J Environ Res Public Health 2018; 15 [PMID: 30060593 DOI: 
10.3390/ijerph15081604]

77     

Pan A, Keum N, Okereke OI, Sun Q, Kivimaki M, Rubin RR, Hu FB. Bidirectional association 
between depression and metabolic syndrome: a systematic review and meta-analysis of 
epidemiological studies. Diabetes Care 2012; 35: 1171-1180 [PMID: 22517938 DOI: 
10.2337/dc11-2055]

78     

Salameh TS, Rhea EM, Banks WA, Hanson AJ. Insulin resistance, dyslipidemia, and apolipoprotein 
E interactions as mechanisms in cognitive impairment and Alzheimer's disease. Exp Biol Med 
(Maywood) 2016; 241: 1676-1683 [PMID: 27470930 DOI: 10.1177/1535370216660770]

79     

Hardy SE, Concato J, Gill TM. Stressful life events among community-living older persons. J Gen 
Intern Med 2002; 17: 832-838 [PMID: 12406354 DOI: 10.1046/j.1525-1497.2002.20105.x]

80     

McRae I, Yen L, Jeon YH, Herath PM, Essue B. Multimorbidity is associated with higher out-of-
pocket spending: a study of older Australians with multiple chronic conditions. Aust J Prim Health 
2013; 19: 144-149 [PMID: 22950881 DOI: 10.1071/PY12035]

81     

Moreno-Agostino D, de la Torre-Luque A, da Silva-Sauer L, Smith BW, Fernández-Calvo B. The 
age-invariant role of resilience resources in emotional symptomatology. Aging Ment Health 2021; 1-8 
[PMID: 33896284 DOI: 10.1080/13607863.2021.1913472]

82     

Oon-arom A, Wongpakaran T, Kuntawong P, Wongpakaran N. Attachment anxiety, depression, and 
perceived social support: a moderated mediation model of suicide ideation among the elderly. Int 
Psychogeriatr 2021; 33: 169-178 [PMID: 32375910 DOI: 10.1017/S104161022000054X]

83     

de la Torre-Luque A, Lara E, de la Fuente J, Rico-Uribe LA, Caballero FF, Lopez-Garcia P, 
Sanchez-Niubo A, Bobak M, Koskinen S, Haro JM, Ayuso-Mateos JL. Metabolic dysregulation in 
older adults with depression and loneliness: The ATHLOS study. Psychoneuroendocrinology 2021; 
123: 104918 [PMID: 33113390 DOI: 10.1016/j.psyneuen.2020.104918]

84     

Hawkley LC, Cacioppo JT. Loneliness matters: a theoretical and empirical review of consequences 
and mechanisms. Ann Behav Med 2010; 40: 218-227 [PMID: 20652462 DOI: 
10.1007/s12160-010-9210-8]

85     

Lauder W, Mummery K, Jones M, Caperchione C. A comparison of health behaviours in lonely and 
non-lonely populations. Psychol Health Med 2006; 11: 233-245 [PMID: 17129911 DOI: 
10.1080/13548500500266607]

86     

Komulainen K, Airaksinen J, Savelieva K, Gluschkoff K, García Velázquez R, Elovainio M, Jokela 
M. Network dynamics of depressive symptoms in antidepressant medication treatment: secondary 
analysis of eight clinical trials. Mol Psychiatry 2021; 26: 3328-3335 [PMID: 32939019 DOI: 
10.1038/s41380-020-00884-3]

87     

Savelieva K, Komulainen K, Elovainio M, Jokela M. Longitudinal associations between specific 
symptoms of depression: Network analysis in a prospective cohort study. J Affect Disord 2021; 278: 

88     

http://www.ncbi.nlm.nih.gov/pubmed/21402176
https://dx.doi.org/10.1016/j.arr.2011.03.003
http://www.ncbi.nlm.nih.gov/pubmed/20300538
https://dx.doi.org/10.1080/02699930903407948
http://www.ncbi.nlm.nih.gov/pubmed/29910018
https://dx.doi.org/10.1016/j.jagp.2018.05.005
http://www.ncbi.nlm.nih.gov/pubmed/31830826
https://dx.doi.org/10.1080/13607863.2019.1699900
http://www.ncbi.nlm.nih.gov/pubmed/26688478
https://dx.doi.org/10.1016/j.cpr.2015.11.008
http://www.ncbi.nlm.nih.gov/pubmed/25644860
https://dx.doi.org/10.1111/ajad.12185
http://www.ncbi.nlm.nih.gov/pubmed/17470669
https://dx.doi.org/10.1097/PSY.0b013e31803cb862
http://www.ncbi.nlm.nih.gov/pubmed/30529321
https://dx.doi.org/10.1016/j.psychres.2018.11.010
http://www.ncbi.nlm.nih.gov/pubmed/27928972
https://dx.doi.org/10.1017/S0033291716002841
http://www.ncbi.nlm.nih.gov/pubmed/26953621
https://dx.doi.org/10.1080/13811118.2016.1158678
http://www.ncbi.nlm.nih.gov/pubmed/25835959
https://dx.doi.org/10.1007/s00127-015-1051-0
http://www.ncbi.nlm.nih.gov/pubmed/30060593
https://dx.doi.org/10.3390/ijerph15081604
http://www.ncbi.nlm.nih.gov/pubmed/22517938
https://dx.doi.org/10.2337/dc11-2055
http://www.ncbi.nlm.nih.gov/pubmed/27470930
https://dx.doi.org/10.1177/1535370216660770
http://www.ncbi.nlm.nih.gov/pubmed/12406354
https://dx.doi.org/10.1046/j.1525-1497.2002.20105.x
http://www.ncbi.nlm.nih.gov/pubmed/22950881
https://dx.doi.org/10.1071/PY12035
http://www.ncbi.nlm.nih.gov/pubmed/33896284
https://dx.doi.org/10.1080/13607863.2021.1913472
http://www.ncbi.nlm.nih.gov/pubmed/32375910
https://dx.doi.org/10.1017/S104161022000054X
http://www.ncbi.nlm.nih.gov/pubmed/33113390
https://dx.doi.org/10.1016/j.psyneuen.2020.104918
http://www.ncbi.nlm.nih.gov/pubmed/20652462
https://dx.doi.org/10.1007/s12160-010-9210-8
http://www.ncbi.nlm.nih.gov/pubmed/17129911
https://dx.doi.org/10.1080/13548500500266607
http://www.ncbi.nlm.nih.gov/pubmed/32939019
https://dx.doi.org/10.1038/s41380-020-00884-3


Fernandez-Rodrigues V et al. Suicide and late-life depression

WJP https://www.wjgnet.com 203 January 19, 2022 Volume 12 Issue 1

99-106 [PMID: 32956966 DOI: 10.1016/j.jad.2020.09.024]
Braam AW, Copeland JR, Delespaul PA, Beekman AT, Como A, Dewey M, Fichter M, Holwerda 
TJ, Lawlor BA, Lobo A, Magnússon H, Prince MJ, Reischies F, Wilson KC, Skoog I. Depression, 
subthreshold depression and comorbid anxiety symptoms in older Europeans: results from the 
EURODEP concerted action. J Affect Disord 2014; 155: 266-272 [PMID: 24355647 DOI: 
10.1016/j.jad.2013.11.011]

89     

Ferrari AJ, Somerville AJ, Baxter AJ, Norman R, Patten SB, Vos T, Whiteford HA. Global variation 
in the prevalence and incidence of major depressive disorder: a systematic review of the 
epidemiological literature. Psychol Med 2013; 43: 471-481 [PMID: 22831756 DOI: 
10.1017/S0033291712001511]

90     

Briere J, Kwon O, Semple RJ, Godbout N. Recent Suicidal Ideation and Behavior in the General 
Population: The Role of Depression, Posttraumatic Stress, and Reactive Avoidance. J Nerv Ment Dis 
2019; 207: 320-325 [PMID: 30958420 DOI: 10.1097/NMD.0000000000000976]

91     

Turvey CL, Conwell Y, Jones MP, Phillips C, Simonsick E, Pearson JL, Wallace R. Risk factors for 
late-life suicide: a prospective, community-based study. Am J Geriatr Psychiatry 2002; 10: 398-406 
[PMID: 12095899]

92     

Vaccaro R, Borrelli P, Abbondanza S, Davin A, Polito L, Colombo M, Francesca Vitali S, Villani S, 
Guaita A. Subthreshold Depression and Clinically Significant Depression in an Italian Population of 
70-74-Year-Olds: Prevalence and Association with Perceptions of Self. Biomed Res Int 2017; 2017: 
3592359 [PMID: 28393076 DOI: 10.1155/2017/3592359]

93     

World Health Organization (WHO).   Men Ageing and Health: Achieving health across the life 
span, 2001. [cited 10 April 2021]. Available from: 
https://apps.who.int/iris/bitstream/handle/10665/66941/WHO_NMH_NPH_01.2.pdf;jsessioni

94     

Song M, Kong EH. Older adults' definitions of health: A metasynthesis. Int J Nurs Stud 2015; 52: 
1097-1106 [PMID: 25747672 DOI: 10.1016/j.ijnurstu.2015.02.001]

95     

http://www.ncbi.nlm.nih.gov/pubmed/32956966
https://dx.doi.org/10.1016/j.jad.2020.09.024
http://www.ncbi.nlm.nih.gov/pubmed/24355647
https://dx.doi.org/10.1016/j.jad.2013.11.011
http://www.ncbi.nlm.nih.gov/pubmed/22831756
https://dx.doi.org/10.1017/S0033291712001511
http://www.ncbi.nlm.nih.gov/pubmed/30958420
https://dx.doi.org/10.1097/NMD.0000000000000976
http://www.ncbi.nlm.nih.gov/pubmed/12095899
http://www.ncbi.nlm.nih.gov/pubmed/28393076
https://dx.doi.org/10.1155/2017/3592359
https://apps.who.int/iris/bitstream/handle/10665/66941/WHO_NMH_NPH_01.2.pdf;jsessioni
http://www.ncbi.nlm.nih.gov/pubmed/25747672
https://dx.doi.org/10.1016/j.ijnurstu.2015.02.001


Published by Baishideng Publishing Group Inc 

7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA 

Telephone: +1-925-3991568 

E-mail: bpgoffice@wjgnet.com 

Help Desk: https://www.f6publishing.com/helpdesk 

https://www.wjgnet.com

© 2022 Baishideng Publishing Group Inc. All rights reserved.

mailto:bpgoffice@wjgnet.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

