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Abstract
Schizophrenia is a severe mental illness which is as-
sociated with significant consequences for both the 
patients and their relatives. Due to chronicity of the ill-
ness, the relatives of patients of schizophrenia have to 
bear the main brunt of the illness. Studies across the 
world have evaluated various aspects of caregiving and 
caregivers such as burden, coping, quality of life, social 
support, expressed emotions, and psychological mor-
bidity. In general the research has looked at caregiving 
as a negative phenomenon, however, now it is increas-
ingly recognised that caregiving is not only associated 
with negative consequences only, also experience sub-
jective gains and satisfaction. This review focus on the 
conceptual issues, instruments available to assess the 
positive aspects of caregiving and the various corre-
lates of positive aspects of caregiving reported in rela-
tion to schizophrenia. The positive aspect of caregiving 
has been variously measured as positive caregiving ex-
perience, caregiving satisfaction, caregiving gains and 

finding meaning through caregiving scale and positive 
aspects of caregiving experience. Studies suggests that 
caregivers of patients with schizophrenia and psychotic 
disorders experience caregiving gains (in the form of 
becoming more sensitive to persons with disabilities, 
clarity about their priorities in life and a greater sense 
of inner strength), experience good aspects of relation-
ship with the patient, do have personal positive expe-
riences. Some of the studies suggest that those who 
experience greater negative caregiving experience also 
do experience positive caregiving experience. 

© 2012 Baishideng. All rights reserved.
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INTRODUCTION 
Early onset of  the illness, persistence of  symptoms in the 
long run and chronic relapsing course of  schizophrenia 
has far-reaching consequences for both the patients with 
schizophrenia and their relatives. Due to the illness, the 
patients may have diminished capacity for social relation-
ships, they may not be able to take care of  themselves 
and their day-to-day needs, face reduced employment op-
portunities and if  employed, may be less productive. The 
illness thus hampers independent living and may lessen 
life satisfaction. Family members of  patients with schizo-
phrenia are often confronted with uncertainty about the 
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course of  the illness, lack of  reciprocity in relationship 
with the patient and the trepidation of  unpredictable 
symptoms. They also have to meet the cost of  care (di-
rect, indirect and intangible) besides accepting patient’s 
lost potential and impending unemployment or reduced 
prospects of  employability of  the patient. No wonder the 
caring relatives often experience grief  and have to cope 
with stigma and social isolation, which leaves them with 
a feeling of  shame, embarrassment or guilt. Thus, the ill-
ness leads to considerable emotional, financial and real-
world demands on those close to the sufferer, typically 
the parents or the spouse. Moreover, studies have shown 
that caregiving frequently leads to mental morbidity, ne-
glect of  health of  self  and higher risk of  mortality[1-4]. 
Caregivers also experience gradual burnout while caring 
for their loved ones[5]. Parents, spouses, and siblings are 
often unable to deal with their own individual or family 
developmental needs because the focus is so often on 
the care of  the relative with schizophrenia[6]. Many stud-
ies across the world have evaluated various aspects of  
caregiving and caregivers such as burden, coping, quality 
of  life, social support, expressed emotions, psychological 
morbidity etc. Till recently, caregiving was thought to be 
a negative phenomenon, however, now it is increasingly 
recognised that caregiving is not only associated with 
negative consequences only, but the caregivers also expe-
rience subjective gains and satisfaction. In this article we 
focus on the conceptual issues and current understanding 
of  positive aspects of  caregiving and review research re-
garding these in relation to schizophrenia. 

CONCEPT OF POSITIVE ASPECTS OF 
CAREGIVING
Positive caregiving experience is a subjective event, as 
such no standard formal definition of  this is available. 
Various authors have understood positive caregiving 
in terms of  caregiver gains, satisfaction and caregiving 
experience[7-9]. Many researchers have assessed positive 
caregiving experience in the domains of  duty/obligation, 
companionship, fulfillment, reward, quality of  life, enjoy-
ment, meaning, etc.[10], caregiver esteem[11,12], uplifts of  
caregiving[13,14], finding or making meaning through care-
giving[15-18] and caregiver appraisal[19,20]. Hunt[21] has exten-
sively reviewed negative and positive aspects of  caregiv-
ing. Next we will briefly discuss the positive aspects of  
caregiving.

Kramer[22] gave the concept of  caregiver gain after a 
critical review of  literature on positive aspects of  caregiv-
ing, and described it as “the extent to which the caregiving 
role is appraised to enhance an individual’s life space and 
be enriching”. It may include any positive yield to the care-
giver as a result of  the caregiving experience. Kramer[22] 
proposed a model of  caregiver adaptation in which “ap-
praisal of  role gain” is an intervening process through 
which background and contextual variables act to influ-
ence well being. It is suggested that caregiving gains may 

be related to the resources like coping and social sup-
port that the caregiver possesses. Kramer[22] also tried to 
conceptualize gain as both an event-specific and a role 
related construct. Event-specific gain includes responses 
to specific caregiving tasks, and role-specific gain pertains 
to more general appraisals of  the caregiving role. Other 
authors have defined caregiver gains as “the caregiver’s 
perceived personal growth and enhanced interpersonal 
relationships”[23]. 

The caregiving benefits/gains described in the litera-
ture include feeling more useful, feeling needed, learning 
new skills, and adding meaning to one’s sense of  self[24,25], 
gaining a sense of  fulfillment for meeting a duty/obli-
gation and enjoyment derived from caregiving itself  or 
from companionship with the care recipient[10]. 

Caregiver satisfaction is one of  the most commonly 
used terms with respect to positive aspects of  caregiv-
ing[22]. Initially caregiver satisfaction was defined as “the 
benefits occurring to the caregiver through his or her 
own efforts”[20]. Later, the same group of  authors defined 
caregiver satisfactions as, “subjectively perceived gains 
from desirable aspects of  or positive affective returns 
from caregiving”[19] or “the result of  caregiving experi-
ences that give life a positive flavor”[25]. It has been shown 
that caregiver satisfaction may be related to positive affect 
and to burden[20,25]. Tarlow et al[26] considered positive as-
pects of  caregiving as the reward and satisfaction derived 
from the caregiving relationship. Other studies have iden-
tified satisfaction with caregiving in the form of  feeling 
fulfilled, important, and responsible, to finding a sense of  
companionship and meaning within the relationship[10].

Nolan et al[8], described 3 dimensions of  “caregiv-
ing satisfaction”-satisfaction derived mainly from the 
interpersonal dynamics between carer and the cared for 
person, satisfaction derived from intrapersonal or intra-
psychic orientation of  the carer and satisfactions derived 
mainly from a desire to promote a positive or avoid a 
negative outcome for the care recipient.

Another positive aspect of  caregiving cited in the lit-
erature includes “Uplift”. Kinney et al[27] defined uplift as 
an event that makes one feel good, makes one joyful, or 
makes one glad or satisfied. Uplifts are also understood 
as “daily events that evoke feelings of  joy, gladness, or 
satisfaction”[13]. It is hypothesized that uplifts buffer the 
effects of  hassles[27]. Studies have shown that when uplifts 
outweighed hassles, caregivers reported less distress[13].

The construct “finding meaning through caregiving” 
is another aspect of  positive caregiving and was initially 
identified in a preliminary qualitative study of  family 
caregivers of  persons with dementia in which the caregiv-
ers responded to a series of  open-ended questions, and 
the researchers identified 6 major themes based on the 
qualitative analyses of  the responses[28]. Later, the authors 
developed a 135-item “Finding Meaning Through Care-
giving Scale (FMTCS)” and tested its psychometric prop-
erties[17]. They identified 3 subscales: Loss/Powerlessness, 
which identifies difficult aspects of  caregiving; Provi-
sional Meaning, which identifies how caregivers find day-
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to-day meaning; and Ultimate Meaning, which identifies 
philosophical/religious/spiritual attributions associated 
with the experience of  caregiving. 

Caregiver esteem is another facet of  positive caregiv-
ing which has caught the attention of  researchers and is 
assumed to be the extent to which performing caregiving 
tasks enhance the caregiver’s self-esteem. 

Some studies have also demarcated positive aspects 
of  caregiving as improved relationships, feeling appreciat-
ed, pleasure, and prevention of  further deterioration[22,29]. 
Other positive aspects which have been studied include 
positive caregiving experience which has two compo-
nents, positive personal outcomes and good aspects of  
the relationship with the patient[7].

MEASURING POSITIVE ASPECTS OF 
CAREGIVING
The positive caregiving experience, as measured by Expe-
rience of  Caregiving Inventory (ECI) of  Szmukler et al[7] 
is based on the concept of  caregiving appraisal, which 
involves both positive and negative facets of  the caregiv-
ing experience. The ECI has eight subscales measuring 
the negative experiences while two subscales quantify the 
positive caregiving experience-positive personal outcomes 
and good aspects of  the relationship with the patient. 
Studies based on ECI have shown positive correlation 
between positive and negative caregiving experience. 
However, this scale does not ascertain many other posi-
tive aspects of  caregiving. Caregiver appraisal scale was 
designed to measure caregiver satisfaction and it chiefly 
assesses caregiver satisfaction in relation to caring for el-
derly family members. It includes a subscale on caregiver 
satisfaction, wherein caregiver satisfaction is measured 
by questions such as-“patient’s pleasure over something 
gives you pleasure, you are happy knowing that patients is 
being cared for by the family, helping patient makes you 
feel closer to him/her, the patient shows appreciation 
for what you do for him/her”, etc. Other components of  
caregiving assessed by Caregiver appraisal scale are care-
giver ideology and caregiving mastery[30]. 

Pearlin[31] designed a 10 item Caregiving Gains Scale 
to assess caregiving gain which was later adapted by re-
searchers and has been used to study caregiving gains in 
caregivers of  mentally ill subjects[24,30,32]. “FMTCS” was 
developed by Farran et al[28], which is a 7-point Likert-type 
43 item questionnaire. Psychometric evaluation of  scale 
identified 3 subscales: Loss/Powerlessness identifying dif-
ficult aspects of  caregiving; Provisional Meaning, which 
identifies how caregivers find day-to-day meaning; and 
Ultimate Meaning, which labels philosophical/religious/
spiritual attributions associated with the experience of  
caregiving. Of  these various scales, ECI has commonly 
been used to study the positive aspects of  caregiving in 
relation to schizophrenia.

We recently developed a Scale for Positive Aspects 
of  Caregiving Experience (SPACE). For developing this 

scale, available scales (ECI[7], Caregiver Appraisal Scale[8], 
Adapted Caregiver Gains scale[23], Positive Aspects of  
Caregiving[27]) assessing some aspect of  positive caregiv-
ing were reviewed. Items were taken from these scales 
and common items were condensed and accordingly 
incorporated in SPACE. Then the scale was evaluated 
in the caregivers of  patients with schizophrenia and was 
found to have good internal consistency, test- retest reli-
ability, cross language reliability, split half  reliability and 
face validity. Principle Component Analysis yielded a 
factor structure comprising four factors. The factor so 
obtained also had good test- retest reliability. The 4 factor 
domains of  positive caregiving identified are caregiving 
personal gains, motivation for caregiving role, caregiver 
satisfaction and self-esteem and social aspect of  caring[33].

POSITIVE ASPECTS OF CAREGIVING IN 
APPRAISAL PARADIGM
Caregiver appraisal is a neutral term in that it can indicate 
positive, neutral, or negative feelings about the caregiv-
ing situation. It is based on the transactional perspective 
wherein it is understood as a transaction between the 
person and the environment[34]. To “appraise” is under-
stood as to “set a value on”, “estimate the amount of ”, 
or “evaluate the worth, significance, or status of ” some-
thing[22]. Therefore, caregiver appraisal refers to the pro-
cess by which a caregiver estimates the amount or signifi-
cance of  caregiving, in which he takes into consideration 
both the nature of  the stressor and his or her resources 
to cope with these. Hence, caregiving appraisal may be 
positive, negative, or neutral[35] and consists of  subjective 
cognitive and affective appraisals of  the potential stressor 
and the efficacy of  one’s coping efforts[19]. So “appraisal 
of  caregiving” is understood as a construct existing in 
the “stress-appraisal-coping” framework, and suggests 
that the experience of  caregiving results from an interac-
tion between the relative’s illness and factors in the carer’
s external and internal world. According to this, patient’s 
illness, associated behaviors, disabilities and the perceived 
disruptions of  the carers’ life are appraised as stressors 
by the carers. The carer’s personality, quality of  family 
relationships and degree of  social support are considered 
as the mediating factors in caregiver’s appraisal of  the 
stress[7,23,36]. A caregiver may appraise the whole caregiv-
ing experience as positive, negative or both depending on 
the interaction between the various variables and the out-
come is understood in the form of  psychological mor-
bidity. However, it is possible that not all caregivers will 
experience psychological morbidity; hence, it would be 
prudent to consider other outcome measures like quality 
of  life. 

Thus, while evaluating the positive aspects of  care-
giving, it would be worthwhile to evaluate the caregivers 
coping ability, social support, psychological morbidity, 
quality of  life, perceived burden and level of  caregiving 
involvement and caregiving consequences.
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POSITIVE ASPECTS OF CAREGIVING IN 
PSYCHOTIC DISORDERS
Few studies have evaluated positive aspects of  caregiving 
in patients with schizophrenia, schizophrenia spectrum 
disorders and patients with psychosis. Chen and Green-
berg[23] assessed 560 caregivers of  patients with schizo-
phrenia spectrum disorders through telephonic interview 
on Caregiving Gains Scale developed by Pearlin[31]. They 
found that although the experiences of  gains were quite 
prevalent, not all respondents had positive experiences 
with all aspects of  gains. Almost 70% of  the caregivers 
reported that they had become more sensitive to persons 
with disabilities. More than 50% reported that caring for 
their relative helped them significantly in clarifying their 
priorities in life and generated a greater sense of  inner 
strength. Tarricone et al[37] compared the experience of  
caregiving in patients with psychosis in 95 Italian patients 
and their caregivers with 69 British patients and caregiv-
ers on the ECI. They found no significant difference with 
regards to the positive caregiver appraisal between the 
two samples. However, they found that the caregivers in 
both the samples valued the “good aspects of  relation-
ship” more than “the personal positive experiences” in 
the positive domains of  the caregiving. Addington et al[38] 
followed up 185 caregivers of  patients with 1st episode 
psychosis and evaluated them on the ECI at baseline 
and each year of  follow-up, with 91 caregivers continu-
ing in the study after the 3 year period. They found that 
these caregivers prized the positive personal experiences 
more than the good aspects of  the relationship during 
each assessment of  the caregiver during the study period.  
Treasure et al[39] compared 68 caregivers of  patients di-
agnosed to have psychosis with 71 caregivers of  patients 
with anorexia nervosa and found that the caregivers of  
patients with psychosis valued the positive personal ex-
periences more than the good aspects of  the relationship 
with their patient while the opposite was true for the 
caregivers of  anorexia nervosa. In addition, caregivers of  
patients with psychosis experienced a lower total positive 
score on ECI. Aggarwal at al[40] evaluated 50 caregivers of  
patients with schizophrenia using the ECI. They found 
that caregivers valued the domain of  good aspects of  
relationship more than the personal positive experiences 
domain. We compared caregiving experience of  caregiv-
ers of  patients with schizophrenia with caregiving experi-
ence of  caregivers of  patients with bipolar disorder using 
ECI and found that caregivers of  patients with schizo-
phrenia had overall more positive and negative appraisal 
of  caregiving experience while caring for their ill relatives. 
However, there was a significant positive correlation 
between the negative and positive caregiving experience 
score for both schizophrenia and bipolar groups[41].

RELATIONSHIP BETWEEN POSITIVE 
ASPECTS OF CAREGIVING AND BURDEN
Relationship between positive and negative aspects of  

caregiving has been studied using ECI or use of  burden 
scale and scales assessing some positive aspect of  caregiv-
ing. Hsiao et al[42] reported that family caregivers with a 
more positive interpretation of  family caregiving reported 
lower levels of  family caregiver burden. In another study, 
Pickett et al[29] reported that parent’s positive appraisals of  
their relationships with their mentally ill adult child were 
significantly related to decreased levels of  caregiver burden. 
Studies which have assessed caregiving experience using 
ECI suggests that caregivers who appraise the caregiving 
experience more negatively also appraised the same more 
positively[38,40,43,44]. However, some of  the studies have not 
reported any relationship between positive and negative 
caregiving experience as assessed by ECI[45].

CORRELATES OF POSITIVE ASPECTS OF 
CAREGIVING IN PSYCHOTIC DISORDERS
While the positive aspects of  caregiving have been recog-
nized, the importance of  recognizing factors associated 
with positive aspects of  caregiving is being increasingly 
acknowledged. Current research has begun to focus on 
the correlates of  positive aspects of  caregiving. Although 
research in this sphere is still in a nascent stage, some 
studies have shown that positive aspects of  caregiving are 
influenced by socio-demographic, clinical and psychologi-
cal variables. 

Studies show more educated caregivers report higher 
levels of  positive personal experiences, higher level of  
perception of  good aspects of  relationship[40,44] and overall 
positive caregiving experience[24,44]. More positive caregiving 
experiences are noted when the patients are females[30,46], 
when the caregivers are men of  an older age group and 
when caregivers have low family incomes[47]. Some stud-
ies have also shown that caregivers of  patients who were 
young[42] and unemployed[24,43,44] reported less positive ex-
periences. However other investigations do not show sig-
nificant relationship between the caregiving appraisals and 
age, gender and employment of  the caregiver[29]. 

The relationship between caregiving and the psycho-
pathology is rather inconsistent. One study reported that 
the caregivers of  patients with higher positive symptoms 
of  schizophrenia reported more positive caregiving ex-
perience[46]. Another study showed that higher scores 
on “avolition-apathy” domain of  negative symptoms 
as measured by the Scale for Assessment of  Negative 
Symptoms was associated with lower positive apprais-
als[24]. Some studies do not show significant relationship 
between relatives’ appraisal of  caregiving and patients’ 
symptomatology[43,48]. Better patient functioning is related 
to greater positive appraisal of  caregiving according to 
some investigators[23,43,48]. One study reported higher posi-
tive caregiving experience when there was a family history 
of  psychosis[43]. Onwumere et al[49] reported that positive 
caregiving appraisals were more common in caregivers of  
patients with longer illness duration. 

With regards to the level of  involvement of  caregiver 
in the patients care, it has been shown that caregivers 
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report more positive experience when the caregiver had 
shared a better previous and current relationship with the 
care recipient, had fewer daily hours of  responsibility as a 
caregiver, and when they had become caregivers by their 
own initiatives[47]. A study assessing the caregiver’s gains 
among older parents of  adults with serious mental illness 
reported that parents who provided more help to their 
children with mental illness reported more gains than 
parents who were less involved in helping their children. 
This study also found that the amount of  help the par-
ent provided correlated significantly with the amount of  
assistance the child provided to the parent, suggesting 
reciprocity in the relationship[50].

Many psychological variables like coping strategies, 
religious practices and perceived social support have been 
shown to have some influence on the positive caregiving 
experience. Studies involving coping skills show that the 
caregivers who use problem focused coping strategies 
and seek social support as a coping strategy experience 
a higher level of  positive personal caregiving experi-
ences[44]. A study from India, found that less use of  denial 
and greater use of  problem solving coping was associated 
with greater caregiver well being[51]. There is no consen-
sus with regard to use of  religious coping strategies with 
some studies showing that religious coping strategies 
frame the caregiving experience in a positive manner[51], 
while other studies report that religious coping had little 
influence on the caregiver well being outcomes[52]. There 
are very few studies that have evaluated the relationship 
of  religious practices with positive aspects of  caregiving. 
One study reported that religiosity was associated with 
better self-esteem and self-care and less of  depression 
among the family caregivers[53]. Social support also plays 
an important role in positive aspects of  caregiving as 
significant positive associations between the experience 
of  caregiving benefits/gains and family socio-emotional 
support[40] have been reported. Onwumere et al[49] studied 
caregivers of  patients with nonaffective psychosis and 
reported that positive caregiving appraisal correlated 
with higher levels of  perceived caregiver and patient 
control of  the illness. Predominately illness beliefs were 
significant predictors of  caregiving appraisal and distress 
rather than illness length, caregiver ethnicity, or type of  
caregiver. Aschbrenner et al[50] assessed the caregivers 
gains among older parents of  adults with serious mental 
illness and reported that support from an adult child with 
serious mental illness, presence of  more number of  con-
fidants and being member of  the parent’s support group 
were the variables which were positively and significantly 
correlated with personal gains for the parent. Another 
study which evaluated reciprocal exchange between a 
mentally ill and other family members, reported that 
amount of  support patients give to their parents and sib-
lings is strongly associated with how much support they 
receive from family members[54]. 

CONCLUSION
In current schizophrenia literature, research involving bur-

den experienced by caregivers grossly overshadows stud-
ies regarding positive aspects of  caregiving. However, this 
scenario is changing and positive aspects of  caregiving are 
drawing more investigative attention. Studies from various 
cultures have shown that perception of  family burden var-
ies across different contexts and that these variations are 
only partially explained by patients, carers and relationship 
features and hence it would be inappropriate to compare 
or generalize the findings of  studies from one culture to 
another. Similarly, it is expected that the positive aspects 
of  caregiving will also be influenced by the cultural fac-
tors. Studying positive aspects of  caregiving will help the 
clinicians in identifying and promoting factors that con-
tribute to positive caregiving, improve the mental health 
of  the caregiver and thereby enhance the overall care of  
their patients in a particular cultural setting. 
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Abstract
The pathophysiology of depression has been tradi-
tionally attributed to a chemical imbalance and criti-
cal interactions between genetic and environmental 
risk factors, and antidepressant drugs suggested to 
act predominantly amplifying monoaminergic neuro-
transmission. This conceptualization may be currently 
considered reductive. The current literature about the 
pathophysiological mechanisms underlying depression, 
stress-related disorders and antidepressant treatment 
was examined. In order to provide a critical overview 
about neuroplasticity, depression and antidepressant 
drugs, a detailed Pubmed/Medline, Scopus, PsycLit, and 
PsycInfo search to identify all papers and book chapters 
during the period between 1980 and 2011 was per-
formed. Pathological stress and depression determine 
relevant brain changes such as loss of dendritic spines 
and synapses, dendritic atrophy as well as reduction 
of glial cells (both in number and size) in specific areas 
such as the hippocampus and prefrontal cortex. An in-
creased dendritic arborisation and synaptogenesis may 
instead be observed in the amygdala as a consequence 
of depression and stress-related disorders. While hip-
pocampal and prefrontal functioning was impaired, 
amygdala functioning was abnormally amplified. Most 

of molecular abnormalities and biological changes of 
aberrant neuroplasticity may be explained by the action 
of glutamate. Antidepressant treatment is associated 
with neurogenesis, gliogenesis, dendritic arborisation, 
new synapse formation and cell survival both in the 
hippocampus and prefrontal cortex. Antidepressants 
(ADs) induce neuroplasticity mechanisms reversing the 
pathological effects of depression and stress-related 
disorders. The neuroplasticity hypothesis may explain 
the therapeutic and prophylactic action of ADs repre-
senting a new innovative approach to the pathophysiol-
ogy of depression and stress-related disorders. 
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INTRODUCTION
Major depressive disorder (MDD) is a common and in-
validating mental illness affecting approximately 2.5% of  
the general population. MDD is one of  the leading cause 
of  disability and it has been suggested to become the 
second highest burden of  disease (measured in disability-
adjusted life years) by 2020[1]. MDD has negative social 
consequences in terms of  reduced employment and psy-
chosocial impairment[2]. The pathophysiology of  depres-
sion involves both external social stressors and internal 
genetic vulnerability.
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Among all biological theories postulated about MDD, 
an impairment of  neuroplasticity and cellular resilience 
has been suggested[3]. According to this theory, neural 
circuits and connections undergo lifelong modifications 
and reorganizations in response to external or internal 
environmental stimuli. Adult neurogenesis involves pre-
cursors of  cell proliferation, migration and differentiation 
mainly occurring in the dentate gyrus of  the hippocam-
pus[4]. Several neurotoxic agents such as chronic stress, 
excessive concentrations of  glutamate, biogenic amines 
and glucocorticoids may affect the morphology of  some 
neural cells such as hippocampal CA3 pyramidal neurons 
and pyramidal cells of  prefrontal cortex. Neural cells may 
react to chronic stress debranching apical dendrites or 
with spine loss and these changes are closely associated to 
daily periods of  resting and activity[5,6]. Interestingly, some 
antidepressants (ADs) may increase neurotrophin signal-
ling promoting neuronal and synaptic remodelling as well 
as the formation of  new neurons in the hippocampus and 
prefrontal cortex[3,7-11]. Modern ADs may act enhancing 
neuroplasticity mechanisms and renewing the impairment 
in neural circuits contributing to their normalization[3,12,13]. 
Although precise modifications induced at the synaptic 
level by ADs are still unclear, it’s well known that ADs 
may promote neuronal connectivity and strengthen specif-
ic synapses or normalize glutamatergic tone which is sup-
posed to be underlying major depression[14]. Pharmaco-
logical manipulation of  the glutamatergic system in animal 
models has been shown to reduce stress-induced morpho-
logical changes in the hippocampus[11,15,16] and some ADs 
have been reported to regulate glutamatergic transmission 
through the inhibition of  stress-induced morphological 
changes in both the hippocampus and amygdala[11]. 

LITERATURE REVIEW
In order to provide a critical overview about neuroplasticity, 
depression and ADs, a detailed Pubmed/Medline, Scopus, 
PsycLit, and PsycInfo search to identify all papers and book 
chapters during the period between 1980 and 2011 was 
performed. The search used the following terms: “Major 
Depression Episode” AND “Affective Disorders” AND 
“Neuroplasticity” OR “Neurogenesis” OR “Synaptic plas-
ticity” AND “ADs” OR “Antidepressant drugs” OR “Anti-
depressant medications” OR “Antidepressant agents” AND 
“Treatment” OR “Intervention” OR “Future implications”. 
Reference lists of  the articles were also manually checked 
for relevant studies. Included papers were restricted to those 
in English. Only those articles published in peer-reviewed 
journals were included. Where a title or abstract seemed to 
describe a study eligible for inclusion, the full article was 
obtained and examined to assess its relevance based on the 
inclusion criteria. Approximately 80 full-text articles met 
our inclusion criteria and were reviewed. Two independent 
researchers conducted a two-step literature search. Any 
discrepancies between the two reviewers who, blind to each 
other, examined the studies for the possible inclusion were 
resolved by consultations with a senior author.

NEUROPLASTICITY AND MAJOR 
DEPRESSION
Generally, resiliency is the ability to adapt and react to 
stressful life events and environmental situations. This 
ability is mediated by the involvement of  several brain 
areas such as the hippocampus, amygdala, and prefrontal 
cortex playing a key role in either cognitive and affec-
tive domains and requiring the involvement of  specific 
neurotransmitter molecules. Neuroplasticity is instead a 
general term indicating a neural framework in which all 
the different internal events at either the molecular and 
systemic levels produce neuronal modifications[14]. In the 
last decades, the view that the brain is a static structure in 
which electrical and chemical information are processed 
within a fixed system has been widely debated. Neural 
circuits, brain nuclei, neurons and synaptic connections 
undergo several lifelong modifications and relevant 
adaptations due to environmental stimuli through the 
neural plasticity mechanisms. Continuous modifications 
such as increased axonal growth and collateral sprouting 
determine the development of  new synapses and a retro-
grade elimination of  the pre-existing synapses as well as 
changes in the dendritic tree and spine density influenc-
ing the number of  post-synaptic sites[17,18]. Popov and Bo-
chorova[19] found that specific and multifaceted structural 
changes at synapse level may be induced by mossy fibres 
and hippocampal pyramidal neurons. Also, hippocampal 
CA3 pyramidal neurons undergo dendritic shrinkage af-
ter chronic stress induced by corticosterone[20-22]. 

Neurohistological changes associated with pathologi-
cal stress and antidepressant response are site-specific[23]. 
Reduced hippocampal volume is one of  the most com-
mon finding in depressed subjects and longer duration 
of  depressive episodes is known to be closely related to 
modifications in hippocampal volume[24,25]. It has been 
suggested that somatodendritic, axonal, synaptic and glial 
cell number changes are all involved in the inhibition of  
adult hippocampal neurogenesis. The reduction of  hip-
pocampal volume may be observed in post-mortem ani-
mal models of  either stress and major depression[13,26]. In 
animal models, stress-induced hippocampal neuropatho-
logical changes may be summarized as follows: loss of  
dendritic spines; decrease in the number and length of  
dendrites; loss of  synapses; loss of  glia and impairment 
of  neurogenesis[13,26-30]. The retraction of  dendrites and 
synapses determine a reduction of  connectivity, multiple 
impairments of  neurons associated with loss of  glia, 
consequent reduction of  neurotransmission, decreased 
neurogenesis[23]. Recent evidence[31] suggested that both 
hypercholesterolemia (no post-mortem neuronal loss was 
found in the brain tissue) and apoptosis (evident only in a 
small hippocampal area) have not been identified as pos-
sible neurotoxic agents. Additionally, Reif  et al[32] did not 
find in a small sample of  subjects evidence of  reduced 
neural stem cell proliferation possibly explaining the 
changes in neurogenesis of  depressed patients. 

Stress-induced neurohistological changes do not sim-
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ply interfere with hippocampal functioning but they also 
affect functioning of  other downstream areas. Several 
structural changes have been shown in the rat prefrontal 
cortex, a brain area in which a retraction of  dendrites and 
spine loss induced by chronic stress and associated with 
daily periods resting and activities have been described[5,6]. 
Post-mortem histopathological studies[33,34] have shown 
reduced neuronal density, smaller neuronal somata and 
a relevant reduction in prefrontal cortical thickness. A 
stress-induced inhibition of  cell proliferation and gliogen-
esis, specifically, a stress-induced dendritic reorganization 
in pyramidal neurons of  the medial prefrontal cortex has 
been commonly observed. In animal models, stress-in-
duced neurohistological changes in the prefrontal cortex 
determine loss of  dendritic spines, atrophy of  the den-
dritic tree, loss of  synapses, decreased number and size 
of  glia[13,26,28,30]. Post-mortem studies in depressed subjects 
have shown a decrease in neuronal and glial cells (both in 
number and size), and overall cortical thickness[26]. A glial 
cells loss was also found in limbic and extralimbic struc-
tures, prefrontal, orbitofrontal and cingulated cortices of  
depressed individuals. 

Moreover, structural modifications have been de-
scribed in the amygdala where an enhanced dendritic ar-
borisation (but not an increase in all classes of  amgdaloid 
neurons) has been shown by Vyas et al[35]. After chronic 
stress they observed an enhanced dendritic arborisation 
in the basolateral nucleus of  the amygdala and specifically 
in the pyramidal and excitatory projections of  the stellate 
neurons. Also in animal models, stress-induced neurohis-
tological changes in the amygdala include increased den-
dritic arborisation and synaptogenesis[13,30]. No alteration 
was reported in neuronal amygdalar number although a 
reduced number of  glial cells has been demonstrated in 
depressed patients[36]. Several studies[37,38] using MRI analy-
sis showed an altered amygdalar core. Overall, an increased 
amygdalar volume determining not only structural but 
also functional impairments has been described in either 
stressed animals and depressed subjects. Stress-induced 
neurohistological modifications in the amygdala were not 
reversed after some weeks but required longer periods[13]. 

In addition, chronic stress changes on dendrites 
and spines influence the expression of  several synaptic 
molecules resulting crucial for the information transfer 
between neurons. Cooper et al[39] showed that the expres-
sion of  M6a, particularly the splice variant M6a-Ib, a 
glycoprotein which appears located in the axonal plasma 
membrane of  glutamatergic neurons may be differently 
regulated by stress. Chronic stress may differently induce 
the expression of  M6a-Ib in a region-dependent man-
ner down-regulating M6a-Ib in the dentate gyrus granule 
neurons and CA3 pyramidal neurons and an up-regulat-
ing M6a-Ib in the medial prefrontal cortex. This different 
regulation of  targeted glycoproteins induced by chronic 
stress presumably leads to reduced axonal output in hip-
pocampal neurons also altering the integrity of  axons and 
the information transfer between neurons in different 
brain regions. Chronic stress may also affect neuron-glia 

communication inducing a remodelling of  hippocampal 
dendrites and an increased expression of  GLT-1 glial 
glutamate transporter in the dendate gyrus and CA3 hip-
pocampal neurons[16]. 

Therefore, both pathological stress and major depres-
sion result in abnormalities in neuroplasticity response 
characterized by altered increased activity in the amygdala 
and impaired hippocampal and prefrontal cortex func-
tioning[40]. The hippocampus is a key structure involved 
in learning and memory, the prefrontal cortex plays a key 
role in cognitive functions such as attention, concentra-
tion, learning and memory whereas the amygdala plays 
a fundamental role in social and emotional learning and, 
particularly, in emotions such as anxiety and fear.

NEUROPLASTICITY AND MODERN 
ANTIDEPRESSANT DRUGS
Several lines of  evidence demonstrate that some modern 
ADs may reverse neuroplasticity and neurogenesis modi-
fications induced by chronic stress[13]. In animal models, 
ADs may reverse and remodel many of  the stress-in-
duced neurohistological changes. It is possible to specu-
late that by reversing the neurohistological effects of  
stress in animal models, ADs may attenuate depression 
in human subjects. There is evidence that treatment with 
modern ADs significantly improves both hippocampal 
shrinkage[28,41] and functions (e.g., cognitive functions)[42]. 
Interestingly, Rocher et al[43] suggested that both tianepti-
ne and fluoxetine may reverse the inhibition of  long-term 
potentiation (an interesting prototype of  synaptic plastic-
ity) not only in the hippocampus but also in prefrontal 
cortex. Czeh et al[44] suggested that tianeptine may inhibit 
the stress-induced reduced number of  hippocampal as-
trocytes reversing morphological modifications observed 
in the somal volume. 

The exact mechanism underlying neuroplasticity 
dysfunctions is still unclear[45,46]. Evidence suggest a cen-
tral role of  both N-Methyl-D-aspartate (NMDA) and 
α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid 
(AMPA) glutamate receptors activation in inducing mor-
phological changes regulating neuroplasticity such as den-
dritic length and branching, spine density and volumes 
of  several brain regions, specifically in the hippocampal 
dentate gyrus[47,48]. Glutamate, in certain concentrations 
and presumably under the influence of  elevated gluco-
corticoids levels, mediates a structural remodelling of  
neurons leading to reversible modifications such as re-
duced neurogenesis, neuronal shrinkage and decreased 
growth[49]. Several authors[50,51] showed that the inhibition 
of  glutamate release by NMDA receptors prevents this 
remodelling. Of  particular interest is also the evidence 
suggesting that suicidal ideation in depressed subjects is 
associated with genes encoding ionotropic glutamate re-
ceptors[52].

Some ADs and electroconvulsive shock therapy may 
reverse reduced neurogenesis, neuronal shrinkage and de-
creased growth, modifying glutamate impairment in the an-
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terior cingulated of  depressed individuals[53]. Drugs having 
mood stabilization properties with additionally modulating 
glutamate release may mediate morphological plasticity ab-
normalities[11] and stress-induced morphological hippocam-
pal/amygdalar changes which are reduced by antidepressant 
manipulation[11,16]. Specifically, Malberg et al[54] found that 
tianeptine prevented the retraction of  apical dendrites of  
hippocampal CA3 pyramidal neurons and the increased 
granule cell proliferation. While tianeptine may prevent 
glutamate efflux in the basolateral nucleus of  the amygdala, 
this effect seem not to be induced with the administration 
of  fluoxetine. Reznikov et al[55] postulated that the impact 
of  ADs in mediating the stress-induced neuropathologi-
cal changes was quite specific. Interestingly, Emery et al[56] 
found that neural stem cells involved in the proliferation 
and differentiation of  adult new neurons extended axons 
to the CA3 region 2 wk after antidepressant administration 
explaining at least partially the delayed clinical improvement 
induced by ADs. 

However, what are the molecular mechanisms un-
derlying antidepressant regulation of  neuroplasticity and 
neurogenesis? Svenningsson et al[57] suggested that ADs 
may induce a phosphorilation of  AMPA receptors in 
two main sites of  the subunit GluR1: Ser831 which is 
phosphorilated by protein chinase C or CaMK-Ⅱ deter-
mining elevations in hippocampal currents[58] and Ser845 
which appears crucial for protein chinase A amplification 
of  peak current by GluR1 receptors[59]. Imipramine and 
fluoxetine act increasing the phosphorilation at Ser845 
on the subunit GluR1[60,61], while tianeptine may reverse 
stress-induced changes in glutamate receptors expres-
sion[16], impairment of  neurogenesis[44] and reduced 
stress-induced apoptosis in the hippocampus and tempo-
ral cortex[62]. Also, other mechanisms of  action have been 
hypothesized. ADs of  different classes act enhancing 
phosphorilation at the c-AMP regulatory element-binding 
protein (CREB)[63] and CaMK-Ⅱ[64] as well as electrocon-
vulsive shock therapy has been demonstrated to increase 
hippocampal CREB phosphorilation[65]. Specific neuro-
trophic factors such as brain-derived neurotrophic factor 
(BDNF) binding to tyrosine kinase (TrK) receptors may 
activate intracellular cascades involving cAMP-dependent 
protein kinase A (PKA), mitogen-activated protein kinase 
(MAPK), CaMK-Ⅱ and also transcription factors such 
as CREB. CREB is involved in the synthesis of  differ-
ent enzymes and proteins considered crucial in inducing 
structural changes underlying neuroplasticity. CREB and 
BDNF are some of  the most important effectors of  neu-
roplasticity[13,26]. Additionally, ADs may increase the ac-
tivity of  c-fos, a marker of  biochemical activity[66]; some 
ADs such as tianeptine may reduce c-fos levels reversing 
its previous stress-induced increase[67]. Tianeptine has 
been demonstrated to prevent impaired stress-induced 
amygdalar and prefrontal changes[50,68] also preventing the 
reduction of  length and branching of  apical dendrites 
of  the hippocampal CA3 neurons exposed to stress[21,50]. 
Rocher et al[43] suggested that fluoxetine possesses a simi-
lar slower activity blocking the effect of  stress in the 

prefrontal cortex. The final result of  all these intracellular 
signalling cascades is a stimulation of  neurogenesis in the 
dentate gyrus including an increase of  glial cells in the 
complexity of  dendritic branching as well as the forma-
tion of  new synaptic connections[69].

Also, agomelatine has been proposed to promote 
hippocampal neurogenesis under basal conditions[70,71]. 
Agomelatine has been found to selectively increase cell 
proliferation and neurogenesis in the ventral hippocam-
pus and to enhance the survival of  newly generated cells 
throughout the entire hippocampus in rats under either 
basal and stressful conditions[72,73]. Other evidence[74-76] 
suggested that agomelatine may stimulate adult neuro-
genesis in the hippocampal dentate gyrus reducing the 
increase of  glutamate release induced by acute stress in 
the prefrontal and frontal cortex[77]. 

Recently, Morley-Fletcher et al[78] found that both a 3- 
or 6-wk treatment with agomelatine (40-50 mg/kg daily) 
may reverse the reduced hippocampal levels of  phosphory-
lated CREB in adult prenatal restraint stress rats as well as 
the reduced hippocampal levels of  mGlu2/3 and mGlu5 
metabotropic glutamate receptors together with the re-
duced neurogenesis in the ventral hippocampus (this struc-
tucture is specifically involved in encoding memories asso-
ciated with stress and emotions). In addition, Dagyte et al[79] 
found that treatment with agomelatine normalized stress-
affected neuronal activity and promoted neurogenesis in 
the hippocampus of  rats exposed to chronic footshock 
stress. They suggested that chronic stress reduced c-Fos 
expression in the hippocampal dentate gyrus and that 
chronic agomelatine treatment reversed this effect nor-
malizing neuronal activity to basal levels with enhanced 
hippocampal cell proliferation and survival in chronically 
stressed rats. They also reported that chronic mild stress 
significantly decreased the newborn cell survival and 
doublecortin expression in the dentate gyrus but these 
changes can be reversed with agomelatine that completely 
normalized stress affected cell survival and partly reduced 
double cortin expression. AlAhmed and Herbert[74] found 
that agomelatine through an intact diurnal corticosterone 
rhythm may promote, presumably through its antago-
nism of  the 5HT2C receptor, progenitor cell mitosis in the 
dentate gyrus. More recently, Dagyte et al[76], found that 
chronic stress increased total SynI (a regulator of  synap-
tic transmission and plasticity) expression in all layers of  
the medial prefrontal cortex, whereas agomelatine treat-
ment administered for 3 wk eliminated some of  these 
effects. Chronic agomelatine administration reduced the 
fraction of  phosphorylated SynI in all layers of  the me-
dial prefrontal cortex as well as selectively in the outer 
and middle molecular layers of  the hippocampal dentate 
gyrus. 

Chronic agomelatine, but not fluoxetine, increased 
survival of  newly formed cells in the ventral part of  the 
hippocampus without changing their phenotypic differen-
tiation into neurons but promoting cell proliferation and 
BDNF messenger RNA (mRNA) expression. Molteni  
et al[80] showed that the expression of  BDNF mRNA lev-
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els in the prefrontal cortex may be up-regulated prevent-
ing the circadian down-regulation of  the neurotrophin 
after acute injection of  agomelatine presumably through 
functional interaction between melatonergic MT1/MT2 
and serotonergic 5-HT2C receptors. Additionally, Ca-
labrese et al[81], investigating the effects on mRNA and 
BDNF protein expression of  chronic agomelatine treat-
ment compared to those of  venlafaxine, found that only 
agomelatine produced major transcriptional changes in 
the hippocampus and increased levels of  BDNF in the 
hippocampus and prefrontal cortex. Considering the dif-
ferent effect on mRNA levels and the similar cumulative 
effects on BDNF levels in the hippocampus and prefron-
tal cortex, the authors suggested that different modula-
tory mechanisms were induced in the two brain regions 
by agomelatine. 

Additionally, recent studies have shown that glucocor-
ticoids are involved in the neurogenic action of  ADs[82,83]. 
The potential role of  glucocorticoids in antidepressant-
induced neurogenesis is consistent with the evidence that 
ADs regulate the function of  the glucocorticoid receptor 
(GR)[84-88]. In a recent study[88], it has been identified for 

the first time that antidepressant-induced changes in neu-
rogenesis are dependent on the GR. The antidepressant 
sertraline enhances neuronal differentiation and promotes 
neuronal maturation of  human hippocampal progeni-
tor cells through a GR-dependent mechanism associated 
with GR phosphorylation via protein chinase-A signalling. 
The authors concluded that this effect is observed only 
when sertraline is present during the proliferation phase, 
but suggested a complex regulation of  neurogenesis me-
diated by ADs, with different GR-dependent mechanisms 
leading to enhanced cell proliferation without changes in 
neuronal differentiation, or enhanced neuronal differen-
tiation in the presence of  decreased cell proliferation.

CLINICAL IMPLICATIONS AND FUTURE 
DIRECTIONS 
Pathological stress and major depression are associated 
with loss of  dendritic spines, dendritic atrophy and loss 
of  synapses, decrease of  glial cells (both in number and 
size) in the hippocampus and prefrontal cortex. Con-
sequently, the hippocampus, prefrontal cortex, and re-
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Figure 1  Proposed mechanisms leading to structural and functional modifications underlying pathological stress and major depression and the effect of 
antidepressant drugs on the most relevant stress-induced changes. 1Source: Modified by[28,81]; 2HPA: Hypotalamic pituitary axis.
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lated downstream structures resulted impaired non only 
structurally but also in functioning. Pathological stress is 
also associated with increased dendritic arborisation and 
formation of  new synapses in the amygdala showing an 
increased volume and an abnormal functioning. The site-
specific neurohistological changes explain most of  de-
pressive clinical correlates such as anhedonia, loss of  mo-
tivation, anxiety, fear, and other cognitive dysfunctions. 
During the last decades, the neurotrophic hypothesis of  
depression together with the demonstration of  ADs to 
reverse neuroplasticity and neurogenesis modifications 
induced by chronic stress emerged. Figure 1 summarized 
the most relevant structural and functional modifications 
of  neural circuits induced by pathological stress and de-
pression as well as modifications/adaptations induced by 
ADs. 

Actually, our knowledge do not allow to conclude 
whether neuroplasticity and neurogenesis modifications 
represent the cause or the result of  neuropathological 
processes related to major depression. Another criti-
cism is that the neurotrophic theory is not able alone to 
explain some experimental findings regarding why keta-
mine[89,90], scopolamine[91,92] and electroconvulsive shock 
therapy[93] exert antidepressant properties. Glutamate 
(NMDA and AMPA receptors activation) is thought 
to play a crucial role in morphological changes regulat-
ing neuroplasticity. Depressive illness and stress-related 
modifications may affect glutamate receptors and the 
glutamatergic neurotransmitter system; these altera-
tions, however, may be reversed by the administration of  
modern ADs. As suggested by Kasper and McEwen[15], 
ADs may reverse structural and functional modifications 
underlying depression promoting neuroplasticity mecha-
nisms and presumably with the final result to prevent the 
illness progression. 

Overall, ADs may reverse the stress-induced loss of  
neuronal cells by reducing the retraction of  hippocampal 
neurons (neuroplasticity) or increasing cell survival and 
functions (neurogenesis). Also, ADs may reverse the 
structural and functional consequences of  stress in a site-
specific manner in both the hippocampus and prefrontal 
cortex, but not in the amygdala. This presumably explains 
why, although most of  depressive clinical manifestations 
may be reversed with the administration of  ADs, the vul-
nerability to stress instead remains[94] providing a rationale 
for the required maintenance of  antidepressant therapy 
after the successful initial treatment of  depression. Future 
longitudinal studies including larger samples of  subjects 
should deeply investigate the potential of  ADs as long-
term modulators of  neuroplasticity and neurogenesis 
mechanisms, allowing a more detailed understanding of  
the pathophysiology of  major depression.
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Statement of human and animal rights
When reporting the results from experiments, authors should follow 
the highest standards and the trial should conform to Good Clini-
cal Practice (for example, US Food and Drug Administration Good 
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines 
Research Council Guidelines for Good Clinical Practice in Clinical 
Trials) and/or the World Medical Association Declaration of  Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If  doubt exists whether the research was conducted 
in accordance with the above standards, the authors must explain the 
rationale for their approach and demonstrate that the institutional 
review body explicitly approved the doubtful aspects of  the study. 

Before submitting, authors should make their study approved by 
the relevant research ethics committee or institutional review board. 
If  human participants were involved, manuscripts must be accompa-
nied by a statement that the experiments were undertaken with the 
understanding and appropriate informed consent of  each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If  experimental animals were used, 
the materials and methods (experimental procedures) section must 
clearly indicate that appropriate measures were taken to minimize 
pain or discomfort, and details of  animal care should be provided.

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book 
Antiqua with ample margins. Number all pages consecutively, and 
start each of  the following sections on a new page: Title Page, Ab-
stract, Introduction, Materials and Methods, Results, Discussion, 
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the 
opinions expressed by contributors. Manuscripts formally accepted 
for publication become the permanent property of  Baishideng 
Publishing Group Co., Limited, and may not be reproduced by any 
means, in whole or in part, without the written permission of  both 
the authors and the publisher. We reserve the right to copy-edit and 
put onto our website accepted manuscripts. Authors should follow 
the relevant guidelines for the care and use of  laboratory animals 
of  their institution or national animal welfare committee. For the 
sake of  transparency in regard to the performance and reporting of  
clinical trials, we endorse the policy of  the ICMJE to refuse to pub-
lish papers on clinical trial results if  the trial was not recorded in a 
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored 
by the United States National Library of  Medicine and we encour-
age all potential contributors to register with it. However, in the case 
that other registers become available you will be duly notified. A 
letter of  recommendation from each author’s organization should 
be provided with the contributed article to ensure the privacy and 
secrecy of  research is protected.

Authors should retain one copy of  the text, tables, photo-
graphs and illustrations because rejected manuscripts will not be 
returned to the author(s) and the editors will not be responsible 
for loss or damage to photographs and illustrations sustained dur-
ing mailing.

Online submissions
Manuscripts should be submitted through the Online Submis-
sion System at: http://www.wjgnet.com/esps/. Authors are 
highly recommended to consult the ONLINE INSTRUC-
TIONS TO AUTHORS (http://www.wjgnet.com/2220-3206/
g_info_20100722180909.htm) before attempting to submit online. 
For assistance, authors encountering problems with the Online 
Submission System may send an email describing the problem 
to wjp@wjgnet.com, or by telephone: +86-10-85381891. If  you 
submit your manuscript online, do not make a postal contribution. 
Repeated online submission for the same manuscript is strictly pro-
hibited.

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
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submitted using word-processing software. All submissions must be 
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample mar-
gins. Style should conform to our house format. Required informa-
tion for each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should be 
provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of  data, or analysis and 
interpretation of  data; (2) drafting the article or revising it critically 
for important intellectual content; and (3) final approval of  the ver-
sion to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete 
name of  institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of  Pathology, Chengde 
Medical College, Chengde 067000, Hebei Province, China. One au-
thor may be represented from two institutions, for example, George 
Sgourakis, Department of  General, Visceral, and Transplantation 
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical 
Department, Korgialenio-Benakio Red Cross Hospital, Athens 
15451, Greece

Author contributions: The format of  this section should be: 
Author contributions: Wang CL and Liang L contributed equally 
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu 
XM designed the research; Wang CL, Zou CC, Hong F and Wu 
XM performed the research; Xue JZ and Lu JR contributed new 
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the 
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  sup-
portive foundations should be provided, e.g. Supported by National 
Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should be 
provided. Author names should be given first, then author title, af-
filiation, the complete name of  institution, city, postcode, province, 
country, and email. All the letters in the email should be in lower 
case. A space interval should be inserted between country name and 
email address. For example, Montgomery Bissell, MD, Professor of  
Medicine, Chief, Liver Center, Gastroenterology Division, Universi-
ty of  California, Box 0538, San Francisco, CA 94143, United States. 
montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, coun-
try number, district number and telephone or fax number, e.g. Tele-
phone: +86-10-85381892 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts are 
acknowledged in each manuscript, and reviewers of  articles which 
were not accepted will be acknowledged at the end of  each issue. 
To ensure the quality of  the articles published in WJP, reviewers of  
accepted manuscripts will be announced by publishing the name, 
title/position and institution of  the reviewer in the footnote ac-
companying the printed article. For example, reviewers: Professor 
Jing-Yuan Fang, Shanghai Institute of  Digestive Disease, Shanghai, 
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong Uni-
versity, Shanghai, China; Professor Xin-Wei Han, Department of  
Radiology, The First Affiliated Hospital, Zhengzhou University, 
Zhengzhou, Henan Province, China; and Professor Anren Kuang, 
Department of  Nuclear Medicine, Huaxi Hospital, Sichuan Univer-
sity, Chengdu, Sichuan Province, China.

Abstract
There are unstructured abstracts (no less than 256 words) and 
structured abstracts (no less than 480). The specific requirements 
for structured abstracts are as follows: 

An informative, structured abstracts of  no less than 480 words 
should accompany each manuscript. Abstracts for original contri-
butions should be structured into the following sections. AIM (no 
more than 20 words): Only the purpose should be included. Please 
write the aim as the form of  “To investigate/study/…; MATERI-
ALS AND METHODS (no less than 140 words); RESULTS (no 
less than 294 words): You should present P values where appropri-
ate and must provide relevant data to illustrate how they were ob-
tained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; CONCLUSION (no 
more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which 
reflect the content of  the study.

Text
For articles of  these sections, original articles and brief  articles, the 
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and 
DISCUSSION, and should include appropriate Figures and Tables. 
Data should be presented in the main text or in Figures and Tables, 
but not in both. The main text format of  these sections, editorial, 
topic highlight, case report, letters to the editors, can be found at: 
http://www.wjgnet.com/2220-3206/g_info_20100725072755.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a sepa-
rate page. Detailed legends should not be provided under the 
figures. This part should be added into the text where the figures 
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples 
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wjgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is 
necessary in line-art image. Scale bars should be used rather than 
magnification factors, with the length of  the bar defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured 
areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1  Pathological changes in atrophic gastritis after treat-
ment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is our principle 
to publish high resolution-figures for the printed and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. Detailed 
legends should not be included under tables, but rather added into 
the text where applicable. The information should complement, 
but not duplicate the text. Use one horizontal line under the title, a 
second under column heads, and a third below the Table, above any 
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
A third series of  P values can be expressed as eP < 0.05 and fP < 0.01. 
Other notes in tables or under illustrations should be expressed as 
1F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic 
numerals) in the upper left corner. In a multi-curve illustration, each 
curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain se-
quence.
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