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Nerve Growth Factor in Psychiatric 
Disorders: A Scoping Review
Alankrit Jaiswal1 , Umesh Shreekantiah1  and Nishant Goyal1

ABSTRACT
Background: Neurotrophins have been 
implicated in multiple psychiatric disorders. 
Nerve Growth Factor (NGF) is one of the 
major neurotrophins that has attracted 
much research interest. Therefore, we 
undertook, to the best of our knowledge, 
the first scoping review encompassing all 
major psychiatric disorders and their rela-
tion to NGF. This review aimed to identify 
the current position of NGF in psychiatric 
research and to outline present gaps in 
knowledge, which can be answered with 
a more detailed systematic review in the 
future. 

Methods: Suitable studies were identified 
using PubMed. A total of 20 studies were 
included in the review: two on bipolar 
affective disorder (BPAD), three on schizo-
phrenia, seven on depression, and eight on 
alcohol use disorder. 

Results: NGF levels are definitively reduced 
in BPAD and depression, while NGF levels 
in schizophrenia decreased further after 
treatment than in the drug-naïve state. The 
effect of treatment on NGF levels in depres-
sion varied based on treatment modalities 
and severity of depression. In patients with 
depression, raised NGF was a predictor 
of conversion to bipolar disorder (BD). 
NGF levels were raised in acute alcohol 

intoxication and withdrawal but normalized 
slowly as abstinence was maintained. NGF 
may play a protective role in preventing the 
toxic ill effect of acute alcohol intoxication 
on the central nervous system. 

Conclusion: Based on current knowledge, 
NGF levels may be a useful biomarker of a 
chronic mental stress condition. However, 
further research is needed before it can 
be used to identify a specific psychiatric 
illness or predict treatment response. 

Keywords: Addiction, alcohol, bipolar 
disorder, depression, nerve growth factor, 
review, schizophrenia

Neurotrophins are critically involved 
in neuronal and synaptic plasticity 
and regulation of brain develop-

ment. They play key roles in differentiation 
and survival of neurons, as well as cell death 
associated with inflammation, ischemia, 
and seizure.1,2 Nerve Growth Factor (NGF) 
was the first neurotrophin discovered in 
1951 by R. Levi-Montalcini and is one of the 
best-characterized members of the group. 
Alterations in circulating NGF levels have 
been described in many neuropsychiatric 
disorders, including Alzheimer’s Disease, 
schizophrenia, schizophreniform disorder, 
and psychological stress conditions.3-5

Animal model studies have shown that 
NGF and other neurotrophins may be 

implicated in the light-dependent reg-
ulation of suprachiasmatic pacemaker 
and other functions implicated in the 
acquisition of long-term memory during 
sleep.6-8 Hippocampal formation and the 
frontal cortex have the highest expression 
and protein levels of NGF and Brain-
Derived Neurotrophic Factor (BDNF) in 
CNS, and both are implicated in neuronal 
growth, development, and plasticity.9,10

Specific alterations in the neuronal cytoar-
chitecture in those two regions have been 
implicated in schizophrenia,11,12 which 
suggests that neurotrophins might have 
a role in schizophrenia. Adequate neuro-
trophic support is essential for normal 
brain development, suggesting that a 
deficit in neurotrophins in cortical neurons 
is an important factor in the pathophysiol-
ogy of schizophrenia.13,14

A growing body of evidence indicates 
that impaired neuroplasticity15 and 
immunologic processes16 may underlie 
the pathology of Bipolar Affective Dis-
order (BPAD), which points towards a 
role of neurotrophins in its pathophysi-
ology. Despite evidence suggesting that 
neurotrophin levels are altered in BPAD, 
it remains unclear whether they can be 
considered a biomarker of the illness.

The neurotrophic factor hypothesis 
of depression postulates that the depres-
sive state is associated with decreased 
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neuroplasticity, neuronal atrophy, and aber-
rant neurogenesis in brain areas associated 
with memory and mood.17,18 This theory is 
corroborated by findings that levels of some 
neurotrophins, notably BDNF, are lower 
in acute depressive episodes and tend to 
increase after treatment.19 It is hypothesized 
that a reduction in neurotrophins in depres-
sion impairs the neural networks’ pruning 
and negatively impacts the structural and 
functional processes, particularly involving 
the limbic system.20 Maximum research 
concerning neurotrophins in depression has 
been done involving BDNF. However, recent 
studies have been focusing on NGF too. 
Animal model studies have demonstrated 
decreasing NGF levels in various mice 
models, including models of anxiety vulner-
ability, stress-induced illness, and learned 
helplessness. Further, as NGF [along with 
Neurotrophin-3 (NT-3) and Neurotrophin-4 
(NT-4)] binds to both TrK and p75 neurotro-
phin receptors, which also binds to BDNF, 
it also may play a role in the neurotrophic 
hypothesis.20 Despite the recent surge in 
interest in the role of NGF in depression, the 
research is still not conclusive.

To the best of our knowledge, no pre-
vious reviews have examined the role of 
NGF in major psychiatric disorders. This 
review aims to identify the position of 
NGF in psychiatric research at present 
and to outline present gaps in knowl-
edge that can be answered with a more 
detailed systematic review in the future.

Materials and Methods
The scoping review was conducted 
according to the PRISMA-ScR 
guidelines. 

Search Strategy
A search was conducted on the PubMed 
database, without any year limitation. 
The initial search was conducted in July 
2021 and updated in September 2022. 
The review aimed to study the role of 
NGF in schizophrenia, BPAD, depres-
sion, obsessive-compulsive disorder, 
schizoaffective disorder, and alcohol 
use disorders. Searches were conducted 
separately for studies on NGF in differ-
ent diseases using the MeSH terms: 
Nerve Growth Factor AND depression; 
NGF AND depression; Nerve Growth 
Factor AND Major Depressive Disorder; 
Nerve Growth Factor AND MDD (Major  
Depressive Disorder); NGF AND MDD; 

Nerve Growth Factor AND bipolar 
disorder; NGF AND bipolar disorder; 
NGF AND BPAD; Nerve Growth Factor 
AND BPAD; Nerve Growth Factor AND 
mania; NGF AND mania; Nerve Growth 
Factor AND schizophrenia; NGF AND 
schizophrenia; Nerve Growth Factor 
AND alcohol; NGF AND alcohol; Nerve 
Growth Factor AND schizoaffective dis-
order; NGF AND schizoaffective disorder; 
Nerve Growth Factor AND obsessive com-
pulsive disorder; Nerve Growth Factor 
AND OCD; NGF AND OCD.

Screening and Selection 
Criteria
The first author conducted the screening. 
After conducting an initial search, the 
studies were filtered to include case reports, 
classical articles, clinical conference papers, 
clinical studies/trials, controlled clinical 
trials, multicenter studies, observational 
studies, and Randomized Controlled Trial 
(RCT). Books, previous reviews, animal 
model studies, and studies that did  

not measure NGF levels were excluded. 
Only studies that were reported in the 
English language were included. A total 
of 23 studies were found to be eligible 
for the review. Finally, 20 studies were 
included in the review after removing 
those for which full text could not be 
accessed or those found to not pertain 
to the subject matter after reading the 
full text (Figure 1). The final decision on 
which studies to include was made by all 
three authors. The selected studies are 
detailed in Table 1.

Results

NGF and Schizophrenia
Three studies about schizophrenia were 
included in the review. The first study 
had six groups (schizophrenia patients 
without cannabis use, with cannabis 
abuse, with multiple substance use, and 
their respective healthy controls). No 
significant differences in the serum NGF 
concentrations were found between the 

FIGURE 1.

Identification of Studies via Databases.
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TABLE 1.

Details of Studies Selected for Review.
Title Aim Methodology Result

Schizophrenia

1.  Adequate antipsychotic 
treatment normalizes 
serum NGF 
concentrations in 
schizophrenia with and 
without cannabis or 
additional substance 
abuse.

1.  Investigate whether 
previously untreated 
schizophrenic 
patients would 
still have elevated 
NGF levels even 
after antipsychotic 
treatment

2.  If NGF levels still 
differed between 
schizophrenia 
with previous 
cannabis abuse and 
schizophrenia without 
cannabis or other 
substance abuse  
after treatment.

Serum NGF measured in 114 treated schizophrenic 
patients (schizophrenia alone, n = 66; schizophrenia 
plus cannabis abuse, n = 42; schizophrenia plus 
multiple substance abuse, n = 6) and the control groups 
(healthy controls, n = 51; cannabis controls, n = 24; 
multiple substance controls, n = 6). These results  
were confirmed by an additional prospective study  
in 28 patients suffering from schizophrenia (S) or 
schizophrenia with cannabis abuse (SC).

1.  No statistically significant 
differences in serum NGF 
concentrations between the 
6 groups after antipsychotic 
treatment 

2.  All subjects had decreased 
NGF concentrations than in 
drug naïve state.

2.  Ultradian variation of 
nerve growth factor 
plasma levels in healthy 
and schizophrenic 
subjects.

Investigate whether 
there is a natural 
diurnal fluctuation 
during daytime in 
healthy individuals and 
schizophrenia subjects 
with a normal light/ 
dark cycle.

In a sample of 33 subjects (10 male schizophrenics and 
23 healthy subjects) an enzyme-linked immunosorbent 
assay (ELISA) assay was used to study the ultradian 
NGF cycle in blood samples at 9:00, 13:00, and 20:00 h.

1.  Significant differences 
between NGF plasma levels 
at different hours in healthy 
subjects 

2.  Higher NGF levels in females 
at 13:00 and 20:00 h

3.   Significant differences in NGF 
levels between schizophrenia 
and healthy patients.

3.  Effect of lurasidone 
vs olanzapine on 
neurotrophic biomarkers 
in unmedicated 
schizophrenia: A 
randomized controlled 
trial.

Evaluate effect 
of lurasidone on 
neurotrophins 
in comparison 
to olanzapine in 
schizophrenia  
patients.

A randomized, open-label, active-controlled, parallel 
design clinical trial. After randomization baseline 
evaluations of serum BDNF, NGF, NT3, PANSS scoring, 
and Social and Occupational Functioning Assessment 
Scale (SOFAS) scoring of 101 unmedicated 
schizophrenia patients were done. Patients were 
reassessed after 6 weeks of monotherapy with 
olanzapine or lurasidone.

1.  No significant differences at 
baseline in NGF levels

2.  Increase in NGF levels 
significant in both groups

BPAD

4.  Serum level of nerve 
growth factor is a 
potential biomarker 
of conversion to BD in 
women with MDD.

To identify biomarkers 
associated with MDD  
and conversion from 
MDD to BD in an 
outpatient sample

A longitudinal study including women diagnosed  
with MDD and aged 18 to 60 years. The follow-up was 
3 years. Blood collection was just performed in the 
first phase. Serum IL-6, TNF-a, BDNF, glial cell-derived 
neurotrophic factor, and NGF levels were measured 
using a commercial immunoassay kit.

Increased NGF levels in patients 
who converted to BPAD vs those 
who achieved remission.

5.  Impaired NGF 
homeostasis in patients 
with BD.

To evaluate the plasma 
levels of NGF in BD 
patients in comparison 
with controls.

Forty-nine BD type-I individuals (30 in mania and 19 in 
euthymia) and 36 healthy controls were assessed by 
Mini-plus, Young mania and HDRSs. NGF levels were 
detected by ELISA.

1.  Lower plasma NGF levels in 
BPAD patients vs controls

2.  Positive correlation between 
NGF plasma concentration 
and disease length

3.  Negative correlation between 
NGF levels and mania 
severity.

Depression

6.  Plasma biomarkers in a 
placebo-controlled trial 
comparing tDCS and 
escitalopram efficacy in 
major depression.

To identify potential 
tDCS blood biomarkers  
of depression.

236 patients assessed at 3 timepoints during a 10-week 
treatment course, plasma levels of NGF, BDNF, GDNF, 
IL-1ß, IL-6, IL-8, IL-10, IL-12p70, IL-18, IL-33, TNF-a, and 
its soluble receptors sTNFr1 and sTNFr2. General linear 
models and mixed models analyses of variance were 
used to respectively assess whether plasma levels 
of these molecules (1) predicted tDCS antidepressant 
improvement and (2) changed over time.

1.  No biological blood marker 
associated with depression 
improvement

2.  Higher baseline NGF levels 
produced greater early 
depression improvement 
in tDCS group compared to 
sham and Escitalopram group.

(Table 1 continued)
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Title Aim Methodology Result

7.  Effect of sertraline, 
dosulepin, and 
venlafaxine on non-BDNF 
neurotrophins in patients 
with depression:  
A cohort study.

To observe changes in 
non-BDNF neurotrophins 
in patients with 
depression and compare 
the effects of carious 
antidepressants.

A prospective cohort study was conducted on 105 
patients with depression who were subgrouped to 
the group 1 (mild and moderate depression without 
somatic syndrome treated with sertraline), group 2 
(mild and moderate depression with somatic  
syndrome treated with dosulepin), and group 3  
(severe depression without psychotic symptoms 
treated with venlafaxine). At baseline, the severity 
of depression MADRS, serum NGF, NT-3, and NT-4 
were estimated. Thirty-five healthy volunteers were 
recruited as controls for a baseline comparison of NTs. 
All patients followed up after 6 weeks to evaluate the 
changes in NT levels and correlate it with the change  
in MADRS scores.

1.  Increase in NGF levels in 
sertraline-treated patients 
with mild and moderate 
depression

2.  No statistically significant 
correlation between NGF 
and patients treated with 
dosulepin or venlafaxine

3.  MADRS score inversely 
correlated to serum NGF at 
baseline in sertraline-treated 
patients.

8.  Assessment of non-
BDNF neurotrophins 
and GDNF levels after 
depression treatment 
with sertraline and 
transcranial direct current 
stimulation in a factorial, 
randomized, sham-
controlled trial  
(SELECT-TDCS): an 
exploratory analysis.

Plasma levels of non-
BDNF neurotrophic 
factors would change 
across the trial according 
to allocation to sertraline 
or tDCS group and 
treatment response.

Seventy-three patients with moderate-to-severe, 
antidepressant-free unipolar depression were  
assigned to a pharmacological (sertraline) and a  
non-pharmacological tDCS intervention in a 
randomized, 2 × 2, placebo-controlled design. The 
plasma levels of NT-3, NT-4, NGF, and GDNF were 
determined by ELISA before and after a 6-week 
treatment course and analyzed according to clinical 
response and allocation group.

1.  Changes in depression scores 
not correlated with changes 
in any neurotrophin plasma 
levels in total sample

2.  No influence of any clinical 
or demographic variable on 
neurotrophin changes over 
time.

9.  NGF serum levels 
variations in major 
depressed patients 
receiving duloxetine.

To investigate NGF 
levels variations in 
MDD patients during 
treatment with 
duloxetine.

Thirty MDD patients and 32 healthy controls were 
assessed using Hamilton depression scale (HAM-D) 
and monitored for NGF serum levels at baseline,  
week 6 and week 12 of duloxetine treatment  
(60 mg/day) and at baseline, respectively.

1.  At baseline depressed 
patients had significantly 
lower NGF levels compared to 
controls

2.  No statistically significant 
decrease in NGF levels in 
patients at week 6

3.  Statistically significant 
decrease in NGF levels in 
early responders and non-
responders compared to 
controls. 

10.  High-throughput 
screening of brief 
naturalistic stress-
responsive cytokines 
in university students 
taking examinations.

To prospectively examine 
the impact of a brief 
naturalistic stressor 
(academic examination) 
on salivary/serum 
cortisol, measures of 
anxiety and depressive 
mood, and 50 circulating 
immune mediators.

A prospective examination of the impact of a brief 
naturalistic stressor (academic examination) on 
salivary/serum cortisol, measures of anxiety and 
depressive mood, and 50 circulating immune  
mediators which were assessed 7 days before,  
the first day of, and 2 days after the first term 
examination period (5 days) among 20 male and 6 
female medical students (19.7 ± 3.1 years, mean ± SD)

1.  Significant effects of exam 
stress in NGF serum levels 
along with a few other factors

2.  NGF levels significantly 
elevated both 7 days prior and 
on first day of exam period 
compared to 2 days after 
exam

3.  State anxiety scores not 
significantly correlated with 
either salivary cortisol levels 
or any other factors.

11.  Reduced serum NGF in 
patients with late-life 
depression.50

To evaluate relationship 
between serum NGF 
levels and late life 
depression.

Seventy-seven age- and gender-matched elderly 
subjects (38 with late-life depression, 17 with previous 
major depressive episode, and 22 healthy subjects  
in the comparison group). Serum concentration of  
NGF was determined by ELISA.

NGF levels were significantly 
reduced in the depressed 
patients as compared with 
healthy elderly controls. Elderly 
control subjects with previous 
depressive episode also showed 
a significant reduction in NGF 
levels as compared with controls 
(p < 0.01); NGF levels were 
similar between patients with 
current depressive episode and 
previous depressive episode.

(Table 1 continued)

(Table 1 continued)
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Title Aim Methodology Result

12.  Psychological status, 
compliance, serum 
BDNF, and NGF levels of 
patients with depression 
after augmented 
mindfulness- based 
cognitive therapy

To analyze the effects 
of augmented MBCT 
along with the standard 
treatment dominated 
by pharmacotherapy 
on psychological state, 
compliance, BDNF, and 
NGF expression levels in 
patients with depression.

160 eligible patients with depression randomly 
assigned to the experimental group (n = 80) and control 
group (n = 80). Participants were assessed using the 
17-item HDRS (HAMD-17), Rosenberg Self-esteem Scale 
(RSES), Self-Acceptance Questionnaire (SAQ), and 
Stigma Scale (Scale of Stigma in People with Mental 
Illness, SSPM). The serum levels of BDNF and NGF  
were detected by ELISA.

Remarkably increased serum 
BDNF and NGF levels in the 
experimental group following 
eight weeks of treatment.

Alcohol

13.  Epigenetic down 
regulation of nerve 
growth factor during 
alcohol withdrawal.53

To investigate the 
Cytosin-phosphatidyl-
Guanin (CpG) island 
promoter methylation  
of the NGF gene in blood 
of alcohol dependent 
patients.

CpG island promoter methylation (mean and 
methylation of individual CpG-sites) of the NGF  
gene in the blood of alcohol-dependent patients  
(57 male patients) during withdrawal  
(days 1, 7, and 14) investigated.

1.  Methylation and NGF levels 
did not change significantly 
from days 1 to 7. 

2.  Mean methylation increased 
significantly and whereas 
NGF serum levels decreased 
significantly from day 7 to 14. 

3.  NGF serum levels were 
significantly associated with 
the mean methylation of 
investigated CpG sites.

14.  Joint effects of the 
epigenetic alteration 
of neurotrophins and 
cytokine signaling: A 
Possible exploratory 
model of affective 
symptoms in alcohol-
dependent patients?54

To investigate a possible 
association between 
the methylation of 
the promoters of both 
neurotrophins, the serum 
levels of the cytokines 
and core symptoms of 
alcohol dependence as 
withdrawal severity  
and anxiety.

Possible association between alterations in the 
methylation of the BDNF IV/NGF I gene promoter  
and the cytokines TNF-a and IL-6 in 55 male  
alcohol-dependent patients investigated.

Mean methylation of the  
NGF I promoter was significantly 
associated with the IL-6 serum 
levels and STAI-I (State Trait 
Anxiety Inventory) score during 
withdrawal

15.  Decreased serum level 
of NGF in alcohol-
dependent patients 
with declined executive 
function. 

To investigate the 
relationship between 
decreased NGF levels 
and cognitive decline 
in alcohol-dependent 
patients.

Serum concentration of NGF was measured in 
38 patients with chronic alcohol dependence, and 
several neuropsychological tests (verbal fluency,  
word-list memory test, word-list recall, word-list 
recognition, constructional praxis, constructional  
recall, Boston naming test, Mini Mental Status 
Examination – Korean (MMSE-K), and trail-making  
test A and B) were also performed for cognitive 
function assessment

Significant correlation was found 
between serum NGF level and 
the trail-making test part B, but 
not with other cognitive function 
tests. This indicates that a high 
serum level of NGF is related to 
greater executive function.

16.  NGF plasma levels 
increase due to 
alcohol intoxication 
and decrease during 
withdrawal.

To further elucidate 
reported alterations in 
NGF plasma levels during 
alcohol intoxication  
and withdrawal

NGF plasma levels by ELISA assessed on admission 
(day 0) and day 7 of alcohol withdrawal in male alcohol 
dependent patients (n = 75) in comparison to healthy 
controls (n = 44).

1.  Significantly higher NGF 
plasma levels in alcohol-
dependent patients.

2.  Significantly higher NGF 
plasma levels in patients 
suffering from acute alcohol 
intoxication than in early 
abstinent patients.

3.  NGF levels decreased 
significantly in both groups 
from day 0 to 7

17.  Increased serum 
neurotrophin levels 
related to alcohol use 
disorder in a young 
population sample.51

To investigate the 
alterations in serum 
neurotrophin levels 
(BDNF, GDNF, and NGF) 
in alcohol use disorder 
in a young population, 
and thus possibly 
representing the early 
stages of the illness.

A cross-sectional study, nested in a population-
based study of people aged 18 to 35, involving 795 
participants who responded to the CAGE questionnaire, 
and a CAGE (Cut down, Anger, Guilt, Eye Opener) score 
of ≥2 was considered to be a positive screen for the 
abuse/dependence or moderate to severe alcohol use 
disorder. Serum BDNF, GDNF, and NGF levels were 
measured by ELISA.

Increased serum NGF levels in 
moderate to severe alcohol use 
disorder.

(Table 1 continued)

(Table 1 continued)
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18.  Serum BDNF and 
NGF concentrations 
change after alcohol 
withdrawal: preliminary 
data of a case-control 
comparison

To study whether 
BDNF and NGF serum 
concentrations change 
during subacute alcohol 
withdrawal in patients 
with alcohol dependence 
compared to healthy 
controls

Fifteen patients (age 48.6 ± 7 years) and 15 healthy 
age-matched controls (age 48.8 ± 7 years) participated 
consecutively in a 2-week withdrawal study. Serum 
BDNF and NGF levels measured using ELISA kits.

1.  BDNF and NGF levels were 
significantly decreased in 
alcohol-dependent subjects 
when compared to healthy 
matched controls.

2.  NGF concentrations 
decreased significantly from 
day 3 to 14

19.  Relation between 
plasma BDNF and NGF 
in the male patients with 
alcohol dependence.52

To verify the changes 
in human plasma BDNF 
and NGF concentrations 
induced by chronic 
alcohol use.

Forty-one male patients with alcohol dependence were 
sampled the next morning of admission and compared 
with 41 healthy male subjects. Plasma BDNF and NGF 
were assayed using an ELISA.

1.  Mean plasma NGF level 
significantly higher in patents 
with alcohol dependence than 
in healthy subjects.

2.  Significant negative 
correlation between 
BDNF and NGF in alcohol 
dependence group.

20.  NGF produced by 
activated human 
monocytes/
macrophages is 
severely affected by 
ethanol.

To investigate if 
exposure to ethanol 
affects NGF synthesis 
and NGF receptor TrkA in 
monocyte/macrophage 
cell population.

NGF was evaluated in cell extracts of human blood 
monocyte-derived macrophages, exposed to ethanol 
alone or to ethanol plus LPS and cultured in a 25-cm2 
tissue culture flask. The levels of NGF were measured 
by a highly sensitive two-site ELISA that does not 
cross-react with BDNF.

Acute exposure of these cell 
populations to alcohol led to a 
sharp decrease in endogenous 
produced NGF, which is 
associated with a reduced 
expression of high-affinity NGF 
receptor on cell membrane. 

PANSS, Positive and Negative Syndrome Scale; BDNF, Brain-Derived Neurotrophic Factor; NGF, Nerve Growth Factor; MDD, Major Depressive Disorder; BD, bipolar disorder; IL, 
Interleukin; TNF-a, Tumor Necrosis Factor-alpha; HDRS, Hamilton Depression Rating Scale; tDCS, transcranial Direct Current Stimulation; MADRS, Montgomery Asberg  
Depression Rating Scale; NT, Neurotrophin; GDNF, Glial-Derived Neurotrophic Factor; SD, standard deviation; MBCT, mindfulness-based cognitive therapy;  
LPS, lipopolysaccharide.

six groups. After antipsychotic treat-
ment, all the patients had lower NGF 
concentrations than in the drug naïve 
state, irrespective of the previous drug 
use status, though the degree of decrease 
varied.21 Those patients who consumed 
cannabis regularly in the past showed 
significantly elevated NGF serum con-
centrations (412.9 ± 288.4 pg/ml; median, 
286.7 pg/ml) compared to schizophrenia 
patients without a history of canna-
bis abuse (p < 0.0001), healthy controls  
(p < 0.0001), and  otherwise-healthy 
persons with cannabis abuse (p < 0.0001). 
The  group of patients with schizophre-
nia and multiple substance abuse in the 
past showed even greater elevation of 
their NGF serum concentrations with a 
mean (±SD) value of 2336.2 ± 1711.4 pg/
ml (median, 2005.1 pg/ml), which dif-
fered significantly from all other groups 
(p < 0.001 for every group comparison).22 

In the second study, significant dif-
ferences were found in the NGF levels 
of healthy subjects at different hours of 
the day in both males and females, with 
females displaying significantly higher 
levels and larger diurnal differences. 
Significant differences were also seen in 
the NGF levels between healthy males 
and schizophrenia patients at 09:00 and 
20:00 h.23

The third study compared the effect of 
olanzapine and lurasidone on changes 
in serum neurotrophins. No differences 
in NGF levels were found at baseline. A 
significant increase in NGF levels was 
found in both groups after six weeks of 
treatment, though no statistically sig-
nificant difference could be seen when  
the mean change of the individual 
groups was compared. No correlation was  
found between the positive/negative/
total Positive And Negtive Syndrome 
Scale (PANSS) scores and NGF levels at 
baseline or after treatment.24

NGF and BPAD
Two articles were included. The first 
found a 15.4% rate of conversion from 
MDD to BPAD in their exclusively female 
sample. Increased NGF levels were seen 
in those who converted to BPAD vs those 
who achieved remission from MDD. 
Only NGF, out of the five different cyto-
kines studied [Interleukin-6 (IL-6), Tumor 
Necrosis Factor-a (TNF-a), Glial-Derived 
Neurotrophic Factor (GDNF), BDNF, and 
NGF] was found to be associated with 
conversion to BPAD.25

The second found significantly lower 
plasma levels of NGF in BPAD patients 
than in healthy controls and a positive 

correlation between the levels of NGF 
and total disease duration. NGF levels 
were also negatively correlated with 
mania severity, as assessed using Young’s 
Mania Rating Scale (YMRS). However, no 
correlation was found with the severity 
of depressive symptoms. NGF levels did 
not differ in BPAD categorized according 
to the presence of psychiatric comorbid-
ities (i.e., generalized anxiety disorder, 
panic disorder, obsessive-compulsive 
disorder) or dependence on substances or 
nicotine. No significant differences were 
found in patients receiving or not receiv-
ing different medication, either (lithium, 
sodium valproate, carbamazepine, anti-
depressants, or antipsychotics).26

NGF and Depression
Seven studies were found. The main 
aim of the first study was to identify 
potential transcranial Direct Current 
Stimulation (tDCS) blood biomarkers 
of depression. Secondary goals were to 
assess whether plasma levels of various 
cytokines predict tDCS antidepressant 
response and verify if those molecules’ 
plasma levels changed over time and 
according to the treatment group and 
clinical response. The study did not 
find any blood biological markers to be 

(Table 1 continued)
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associated with improvement in depres-
sion. Higher NGF levels predicted early 
improvement in the tDCS group com-
pared to the sham and Escitalopram 
groups. NGF was the only one of the 13 
cytokines analyzed to predict response to 
tDCS vs Escitalopram.27

The second study divided the patients 
into three groups based on the severity  
of depression and the treatment received. 
The patients with mild/moderate depres-
sion without somatic syndrome were 
treated with sertraline and placed into 
group 1. Those with mild/moderate 
depression with somatic syndrome were 
treated with dosulepin in group 2. The 
third group comprised patients with 
severe depression without psychotic 
symptoms treated with venlafaxine. A 
statistically significant increase in NGF 
levels was found only in group 1. In 
group 1, NGF levels were also inversely 
correlated to Montgomery Asberg 
Depression Rating Scale (MADRS) scores 
at baseline. No associations were found 
between the other neurotrophins and 
the MADRS rating.28

The third study evaluated serum levels 
of different neurotrophins to see whether 
they changed according to allocation to 
sertraline or tDCS groups and treatment 
response at various time points. It was 
seen that the changes in depression scores 
on Hamilton Depression Rating Scale 
(HDRS) did not correlate with changes 
in plasma levels of any neurotrophin. 
Neither an effect of time nor an interac-
tion of time with group, clinical response, 
or group and clinical response could be 
observed. No influence of any clinical or 
demographic variable on neurotrophic 
changes over time was seen either. Plasma 
levels at baseline were not found to be 
associated with depression improvement 
either, using regression models.29

The next article studied variations 
in NGF serum levels in MDD patients 
receiving duloxetine. It grouped the 
participants whose week 6 HDRS scores 
were reduced by 50% compared to base-
line on Duloxetine treatment as Early 
Responders (ER) and the others as Early 
Non-Responders (ENR). At baseline, the 
patients had significantly lower NGF 
levels than controls, with statistically 
significant lower values in ENR and no 
difference between ER and controls. At 
week 6, no statistically significant change 
in NGF levels was found in any of the 

groups compared to baseline, but both 
ER and ENR groups had a statistically 
significant decrease in NGF compared to 
controls. Week 12 showed significantly 
lower levels of NGF, compared to the 
week 6 values, in ENR compared to ER.30

Another article measured the serum 
concentrations of 50 factors, using cyto-
kine panels, in individuals undergoing a 
brief naturalistic stressor: term-end exams. 
Significant effects of exam stress were 
observed in serum levels of bNGF along 
with a few other factors [Interleukin-4 
(IL-4), Interferon-c (IFN-c), Monocyte Che-
motactic Protein-3 (MCP-3), Interleukin-16 
(IL-16), and Macrophage Migration Inhib-
itory Factor (MIF)]. Serum levels of bNGF 
on both seven days prior and on the first 
day of the exam period were significantly 
elevated compared to two days after the 
examination.31

Diniz et al. evaluated the relationship 
between serum NGF levels and late-life 
depression. They recruited age- and gen-
der-matched elderly subjects with late-life 
and previous depressive episodes. NGF 
levels were significantly reduced in both 
groups (p < 0.01), but no difference in NGF 
levels was found between the groups.

The last article studied the effects of 
mindfulness-based cognitive therapy 
(MBCT) on depression, BDNF, and NGF 
levels and found that MBCT caused a 
remarkable increase in NGF levels fol-
lowing eight weeks of treatment and 
also lowered the patients’ HDRS scores 
significantly. BDNF levels also decreased 
significantly.32

NGF and Alcohol
Seven studies were included. Lhullier et 
al. studied young patients with alcohol 
use disorder (AUD) and found higher 
serum levels of NGF than controls.51 Lee 
et al. compared 41 male inpatients with 
AUD with 41 healthy male subjects; 
plasma NGF concentration was elevated 
in the patients within 24 h of abstinence. 
Another study on alcohol withdrawal 
examined 15 patients with alcohol depen-
dence according to the DSM-IV criteria 
and 15 healthy subjects. In the patients, 
the mean NGF concentrations increased 
initially and then decreased significantly 
from days 3 to 14.33 These findings agree 
with the NGF gene’s epigenetic down- 
regulation during alcohol withdrawal, 
as demonstrated by Heberlein et al. They 

had investigated the correlations between 
alterations in NGF serum concentrations 
and changes in the methylation of the 
NGF promoter during alcohol with-
drawal by studying 57 patients with 
alcohol dependence, who showed a sig-
nificant decrease in the NGF serum levels 
from day 7 to day 14 of withdrawal and 
a significant increase in the methylation 
of the CpG-sites within the NGF gene 
promoter.53 Heberlein et al. also demon-
strated that the mean methylation of NGF 
promoter is significantly associated with 
IL-6 serum levels and State Trait Anxiety 
Inventory scores during withdrawal.54 
Another study investigated the relation-
ship between NGF plasma concentration 
and cognitive dysfunction of alcohol- 
dependent patients during abstinence. 
The NGF levels were higher in patients 
with lower completion times in trail- 
making test B, which includes motor 
components and visual scanning, indicat-
ing better executive function.34 Another 
study found that, in patients with alcohol 
dependence, acute alcohol intoxication 
was related to an increase in NGF plasma 
levels, which decreased after withdrawal, 
indicating that NGF plasma levels may 
increase to block the toxic effects of alcohol 
during acute intoxication.35 Caroleo  
et al. studied the effects of acute ethanol 
exposure in blood-monocyte-derived 
macrophages cultured in vitro. These cells 
were isolated from the peripheral blood 
of healthy donors in basal conditions and 
produce a little NGF, which increases if 
they are activated in vitro by treatment 
with lipopolysaccharide (LPS). The acute 
exposure of LPS-activated cultures to 
ethanol was found to alter NGF synthesis, 
reduce the expression of Tyrosine kinase 
A (TrkA), as well as decrease the produc-
tion of TNF-a.

The search strings Nerve Growth Factor 
AND schizoaffective disorder; NGF AND 
schizoaffective disorder; Nerve Growth 
Factor AND obsessive compulsive dis-
order; Nerve Growth Factor AND OCD; 
NGF AND OCD did not yield any results, 
neither did any searches involving the 
term “AND mania”.

Discussion
NGF is essential in tropism and struc-
tural changes of specific neuronal 
populations, including basal forebrain 
cholinergic neurons and homeostasis 
of neuro-endocrine immune system.36 
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Hypothalamo–pituitary–adrenal axis hyper- 
activity and glucocorticoids seem to 
inhibit basal forebrain cholinergic 
neurons and increase NGF. However, 
a chronic high dose of glucocorticoids 
can also cause the downregulation of 
NGF.3,36,37 Therefore, acute stress increases 
NGF serum levels, while repeated stress 
paradigm might result in long-term 
downregulation.38

NGF is a neuroplasticity marker. 
Thus, a decrease in NGF may indicate 
a neural adaptation process that might 
be ongoing due to a chronically stressed 
state. It can also be inferred that NGF is 
more likely a state-dependent variable 
than a trait-dependent one. 

The three studies reviewed about NGF 
and schizophrenia brought up comple-
mentary results. One study reported 
raised levels of NGF in drug naïve schizo-
phrenia compared to that after treatment, 
which the researchers attributed to a 
“normalization of NGF”, on treatment, 
in patients with a history of substance 
abuse.21 The other two reported a lower 
level of NGF in patients than healthy con-
trols. All but one of the studies had a good 
sample size (195 and 92). One study used 
Lurasidone and Olanzapine as treatment 
options while the treatment provided 
in the other study was not reported. A 
meta-analysis of peripheral blood NGF 
levels in schizophrenia, conducted in 2017, 
totally comprising 1693 individuals, quite 
conclusively reported that schizophre-
nia patients had lower NGF levels than 
healthy controls in both drug-free and 
medicated states, which also complements 
the findings of the studies reviewed.39 
Altogether, it might be hypothe- 
sized that increased NGF levels in can-
nabis users with schizophrenia might 
be an indicator of the regenerative and 
neuroprotective properties of cannabis 
on cognitive functioning,40,41 function-
ing via NGF upregulation. An increase in 
NGF levels seen on treatment using anti-
psychotics (Olanzapine and Lurasidone) 
might point to the same direction and 
throws up interesting questions regard-
ing the role of cannabis in schizophrenia 
and the possibility of a self-medicatory 
nature of cannabis abuse in schizophre-
nia. Schizophrenia has been reported 
to cause specific alterations of neuronal 
cytoarchitecture in the hippocampal for-
mation and the frontal cortex.11,12 The 
central cannabinoid receptor CB1 has its 

highest expression in the hippocampus 
and frontal cortex,42 hinting at a possible 
connection between the two. The study 
on ultradian variations in NGF levels 
would also support the hypothesis that 
bio-rhythm alterations affect NGF plasma 
levels, making cross-study comparisons 
and even individual comparisons quite 
difficult to reliably comment upon unless 
stricter control measures are applied.

As mentioned previously, it has often 
been thought that immune system abnor-
malities and an increased inflammatory 
response may contribute to the pathol-
ogy of BPAD.16,43 A corollary to this would 
be that BPAD would result in elevated 
levels of all, or many, neuroinflammatory 
markers. Previous studies supported this 
hypothesis by demonstrating increased 
levels of TNF-a and IL-6 in BPAD patients 
than in healthy controls.44,45 These find-
ings were not replicated in another study 
included in the review, with only NGF 
shown to be associated with neuroconver-
sion to BPAD in females with MDD. NGF 
levels were correlated positively with 
disease duration and negatively with 
mania severity as assessed using YMRS. 
These findings support the potential role 
of NGF as a biomarker for BPAD, though 
a sample size of two studies may be too 
small for a definite comment.

It has been quite conclusively reported 
that NGF levels in depressed patients at 
baseline are significantly lower than in 
healthy controls. A 2015 meta-analysis 
reported the same but also concluded 
that NGF levels did not change signifi-
cantly even after treatment.46 The studies 
reviewed here largely support those 
findings, with no significant change in 
NGF levels seen in patients treated with 
Duloxetine, Dosulepin, or Venlafaxine. 
Patients receiving tDCS also did not 
show an increase in NGF levels despite 
improvement in HDRS  scores. One study 
did report an increase in NGF blood levels 
of patients with mild depression without 
somatic syndrome being treated with  
Sertraline. But the same study reported 
no NGF changes in patients with more 
severe depression being treated with 
other molecules. One study did, however, 
report that higher baseline NGF levels 
were associated with better response to 
tDCS than Escitalopram. In contrast, 
another study on the effect of MBCT in 
depression showed a remarkable rise in 
NGF levels after eight weeks of treatment, 

leading the researchers to speculate that 
higher NGF levels may be associated with 
more resilience and/or more responsive-
ness to treatment, with an early response 
and later compensatory changes.27 
However, as an article reviewed in this 
study reported, in MDD patients, neu-
roconversion to BPAD is associated with 
higher baseline NGF levels.25 Thus, early 
treatment response to tDCS may be a sign 
of underlying bipolarity and an indicator 
of the switch-inducing potential of tDCS 
compared to Escitalopram.

Acute stress increases NGF levels, 
while repeated stress leads to long-term 
NGF downregulation.38 This is corrob-
orated by the study on exam-going 
students included in this review, which 
showed raised NGF levels, along with 
higher State Anxiety Scores, even up to 
seven days in advance. In contrast, the 
understanding of depression as a chronic 
stress condition helps explain the com-
monplace finding of low baseline NGF 
levels in the disease.

Several studies have been conducted in 
acute alcohol intoxication as well as alco-
hol-dependent patients to determine the 
correlation between plasma NGF concen-
tration and alcohol dependence. All the 
studies seem to confirm that NGF plasma 
levels increase during acute intoxication 
and in the initial withdrawal phase and 
slowly decrease as abstinence is main-
tained. Studies by Heberlein et al. on the 
epigenetic regulation of NGF also suggest 
the same.53, 54 It has been hypothesized 
that NGF levels increase during acute 
intoxication to protect against the acute 
toxic effects of alcohol. Some studies 
also suggest a protective role of NGF in 
preventing neuronal damage in patients 
with alcohol dependence.47 Studies have 
also implicated NGF in newer mecha-
nisms of alcohol-induced compromise in 
the efficiency of the mononuclear phago-
cyte system.48,49

The review highlights the dearth of 
literature about NGF levels in psychi-
atric disorders other than depression 
and alcohol dependence. The existing 
literature on NGF in schizophrenia and  
BPAD only throws up more questions 
regarding:

1. The role of cannabis and the nature of 
cannabis use in schizophrenia.

2. The differences in the pathophysiol-
ogy of BPAD in men and women.
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3. The role played by NGF and other 
neurotrophins in unipolar vs bipolar 
illness.

4. Differences in mechanism of actions 
of different therapeutic modalities in 
depression and the possible neuro-
protective roles of Sertraline and tDCS 
over other modalities.

5. Neuroprotective effects of NGF in 
alcohol intoxication and schizophrenia.

Hopefully, this scoping review will pave 
the way for future research targeting 
these specific areas.

Conclusion
Most research about the role of NGF in 
psychiatry so far has been done in depres-
sion and alcohol. This is indicated by 
the maximum number of search results 
obtained for “NGF and Depression” or 
“NGF and Alcohol” and also the number 
of studies included in this review being 
the highest for depression and alcohol-
ism. NGF levels are less in both depression 
and schizophrenia compared to healthy 
controls, while the research on the role of 
NGF in BPAD is not conclusive enough 
for comment as of yet. Further studies are 
needed on the effect of various treatment 
protocols on serum NGF levels for both 
depression and schizophrenia before it 
can serve as a biomarker, not just for the 
depressed or schizophrenic state, but also 
for treatment response and disease severity. 
NGF and other growth factors may also be 
considered crucial elements for disclosing 
innovative information on AUD. In partic-
ular, important findings show increased 
NGF plasma concentrations during alcohol 
intoxication and a possible protective role 
against neuronal degeneration.

One limitation of this review is the use 
of only one online database for the iden-
tification of suitable studies.

Declaration of Conflicting Interests
The authors declared no potential conflicts of 
interest with respect to the research, authorship, 
and/or publication of this article.

Funding
The authors received no financial support for the 
research, authorship and/or publication of this 
article.

ORCID iDs
Alankrit Jaiswal  https://orcid.org/0000-0001- 
5971-476X
Umesh Shreekantiah  https://orcid.org/ 
0000-0003-3246-1728

References
 1. Chao MV. Neurotrophins and their recep-

tors: A convergence point for many signal-
ling pathways. Nat Rev Neurosci 2003; 4: 
299–309.

 2. Reichardt LF. Neurotrophin-regulated 
signalling pathways. Philos Trans R Soc Lond 
B Biol Sci 2006; 361: 1545–1564.

 3. Schulte-Herbruggen O, Braun A, 
Rochlitzer S, et al. Neurotrophic factors 
- A tool for therapeutic strategies in 
neurological, neuropsychiatric, and neu-
roimmunological diseases? Curr Med Chem 
2007; 14: 2318–2329.

 4.  Alleva E and Francia N. Psychiatric 
vulnerability: Suggestions from animal 
models and role of neurotrophins. 
Neurosci Biobehav Rev 2009; 33:  
525–536. 

 5. Kale A, Joshi S, Pillai A, et al. Reduced 
cerebrospinal fluid and plasma nerve 
growth factor in drug-naïve psychotic 
patients. Schizophr Res 2009; 115: 209–214.

 6. Bina KG and Rusak B. Nerve growth 
factor phase shifts circadian activity 
rhythms in Syrian hamsters. Neurosci  
Lett 1996; 206: 97–100.

 7. Golombek DA, Hurd MW, Lee K-F, et 
al. Mice lacking the p75NGFR receptor 
exhibit abnormal responses to light. Biol 
Rhythm Res 1996; 27: 409–418.

 8. Liang F-Q, Allen G, and Earnest D. Role  
of brain-derived neurotrophic factor in 
the circadian regulation of the  
suprachiasmatic pacemaker by light. 
J Neurosci 2000; 20: 2978–2987.

 9. Shoval G and Weizman A. The possible 
role of neurotrophins in the pathogen-
esis and therapy of schizophrenia. Eur 
Neuropsychopharmacol 2005; 15: 319–329.

10. Lu B, Pang PT, and Woo NH. The yin 
and yang of neurotrophin action. Nat Rev 
Neurosci 2005; 6: 603–614.

11. Marenco S and Weinberger DR. The neu-
rodevelopmental hypothesis of schizo-
phrenia: Following a trail of evidence 
from cradle to grave. Dev Psychopathol 
2000; 12: 501–527.

12. Weinberger D. Cell biology of the hippo-
campal formation in schizophrenia. Biol 
Psychiatry 1999; 45: 395–402.

13. Ghosh A, Carnahan J, and Greenberg ME. 
Requirement for BDNF in activity- 
dependent survival of cortical neurons.  
Sci 1994; 263: 1618–1623.

14. Gorski JA, Zeiler SR, Tamowski S, et al. 
Brain-derived neurotrophic factor is 
required for the maintenance of cortical 
dendrites. J Neurosci 2003; 23: 6856–6865.

15. Zarate CA, Singh J, and Manji HK. 
Cellular plasticity cascades: Targets for 
the development of novel therapeutics for 
bipolar disorder. Biol Psychiatry 2006; 59: 
1006–1020.

16. Goldstein BI, Kemp DE, Soczynska JK, 
et al. Inflammation and the phenome-
nology, pathophysiology, comorbidity, 
and treatment of bipolar disorder: A 
systematic review of the literature. J Clin 
Psychiatry 2009; 70: 1078–1090.

17. Duman RS. A molecular and cellular 
theory of depression. Arch Gen Psychiatry 
1997; 54: 597.

18. Sharma AN, da Costa e Silva BFB, Soares 
JC, et al. Role of trophic factors GDNF, 
IGF-1 and VEGF in major depressive dis-
order: A comprehensive review of human 
studies. J Affect Disord 2016; 197: 9–20.

19. Molendijk ML, Spinhoven P, Polak M, 
et al. Serum BDNF concentrations as 
peripheral manifestations of depres-
sion: Evidence from a systematic review 
and meta-analyses on 179 associations 
(N=9484). Mol Psychiatry 2014; 19:  
791–800.

20. Jiang C and Salton SR. The role of neu-
rotrophins in major depressive disorder. 
Transl Neurosci 2013; 4(1): 46–58. DOI: 
10.2478/s13380-013-0103-8.

21. Jockers-Scherübl MC, Rentzsch J, Danker-
Hopfe H, et al. Adequate antipsychotic 
treatment normalizes serum nerve 
growth factor concentrations in schizo-
phrenia with and without cannabis or 
additional substance abuse. Neurosci Lett 
2006; 400: 262–266.

22. Jockers-Scherübl MC, Matthies U, 
Danker-Hopfe H, et al. Chronic can-
nabis abuse raises nerve growth factor 
serum concentrations in drug-naive 
Schizophrenic patients. J Psychopharmacol 
2003; 17: 439–445.

23. Bersani G, Iannitelli A, Massoni E,  
et al. Ultradian variation of nerve growth 
factor plasma levels in healthy and 
Schizophrenic subjects. Int J Immunopathol 
Pharmacol 2004; 17: 367–372.

24. Jena M, Ranjan R, Mishra BR, et al. 
Effect of lurasidone vs olanzapine on 
neurotrophic biomarkers in unmedicated 
schizophrenia: A randomized controlled 
trial. J Psychiatr Res 2019; 112: 1–6.

25. Moreira FP, Cardoso TC, Mondin TC,  
et al. Serum level of nerve growth factor 
is a potential biomarker of conversion to 
bipolar disorder in women with major 
depressive disorder. Psychiatry Clin Neurosci 
2019; 73(9): 590–593.

26. Barbosa IG, Huguet RB, Neves FS, et al. 
Impaired nerve growth factor homeosta-
sis in patients with bipolar disorder. The 
World J Biol Psychiatry 2011; 12: 228–232.

27. Brunoni AR, Padberg F, Vieira ELM,  
et al. Plasma biomarkers in a  
placebo-controlled trial comparing tDCS 
and escitalopram efficacy in major depres-
sion. Prog Neuro-Psychopharmacol  
Biol Psychiatry 2018; 86: 211–217.



Indian Journal of Psychological Medicine | Volume 45 | Issue 6 | November 2023564

Jaiswal et al.
28. Mishra BR, Maiti R, Nath S, et al. Effect 

of sertraline, dosulepin, and venlafaxine 
on non-BDNF neurotrophins in patients 
with depression: A cohort study. J Clin 
Psychopharmacol 2019; 39: 220–225.

29. Brunoni AR, Machado-Vieira R, Zarate 
CA, et al. Assessment of non-BDNF 
neurotrophins and GDNF levels after 
depression treatment with sertraline and 
transcranial direct current stimulation in 
a factorial, randomized, sham-controlled 
trial (SELECT-TDCS): An exploratory 
analysis. Prog Neuro-Psychopharmacol Biol 
Psychiatry 2015; 56: 91–96.

30. Martino M, Rocchi G, Escelsior A, et al. 
NGF serum levels variations in major 
depressed patients receiving duloxetine. 
Psychoneuroendocrinol 2013; 38: 1824–1828.

31. Katsuura S, Kamezaki Y, Tominaga K,  
et al. High-throughput screening of brief 
naturalistic stress-responsive cytokines in 
university students taking examinations. 
Int J Psychophysiol 2010; 77: 135–140.

32. Guo H, Ren Y, Huang B, et al. 
Psychological status, compliance, serum 
brain-derived neurotrophic factor, and 
nerve growth factor levels of patients 
with depression after augmented mind-
fulness-based cognitive therapy. Genet Res 
2022; 2022: 1–5.

33. Köhler S, Klimke S, Hellweg R, et al. 
Serum brain-derived neurotrophic factor 
and nerve growth factor concentra-
tions change after alcohol withdrawal: 
Preliminary data of a case-control com-
parison. Eur Addict Res 2013; 19: 98–104.

34. Bae, Kim D-J, Han C, et al. Decreased 
serum level of NGF in alcohol-dependent 
patients with declined executive function. 
Neuropsychiatr Dis Treat  2014; 10: 2153.

35. Heberlein A, Bleich S, Bayerlein K,  
et al. NGF plasma levels increase due to 
alcohol intoxication and decrease during 
withdrawal. Psychoneuroendocrinol 2008; 
33: 999–1003.

36. Cirulli F and Alleva E. The NGF saga: 
From animal models of psychosocial 

stress to stress-related psychopathology. 
Front Neuroendocrinol 2009; 30: 379–395.

37. Aisa B, Gil-Bea FJ, Marcos B, et al. 
Neonatal stress affects vulnerability of 
cholinergic neurons and cognition in 
the rat: Involvement of the HPA axis. 
Psychoneuroendocrinol 2009; 34: 1495–1505.

38. Alleva E, Petruzzi S, Cirulli F, et al. NGF 
regulatory role in stress and coping of 
rodents and humans. Pharmacol Biochem 
Behav 1996; 54: 65–72.

39. Qin X-Y, Wu H-T, Cao C, et al. A meta-anal-
ysis of peripheral blood nerve growth 
factor levels in patients with schizophre-
nia. Mol Psychiatry 2017; 22: 1306–1312.

40. Stirling J, Lewis S, Hopkins R, et al. 
Cannabis use prior to first onset  
psychosis predicts spared neurocognition 
at 10-year follow-up. Schizophr Res 2005; 
75: 135–137.

41. Yucel M, Bora E, Lubman DI, et al. The 
impact of cannabis Use on cognitive 
functioning in patients with schizophre-
nia: A meta-analysis of existing findings 
and new data in a first-episode sample. 
Schizophr Bull 2012; 38: 316–330.

42. Iversen L. Cannabis and the brain. Brain 
2003; 126: 1252–1270.

43. Gardner A and Boles RG. Beyond the 
serotonin hypothesis: Mitochondria, 
inflammation, and neurodegeneration in 
major depression and affective spectrum 
disorders. Prog Neuro-Psychopharmacol Biol 
Psychiatry 2011; 35: 730–743.

44. Modabbernia A, Taslimi S, Brietzke E,  
et al. Cytokine alterations in bipolar  
disorder: A meta-analysis of 30 studies. 
Biol Psychiatry 2013; 74: 15–25.

45. Luo Y, He H, Zhang M, et al. Altered 
serum levels of TNF-a, IL-6 and IL-18  
in manic, depressive, mixed state of 
bipolar disorder patients. Psychiatry Res 
2016; 244: 19–23.

46. Tseng P-T, Lin P-Y, Tu K-Y, et al. 
Significantly lower nerve growth factor 
levels in patients with major depressive 

disorder than in healthy subjects: A 
meta-analysis and systematic review. 
Neuropsychiatr Dis Treat  2015; 925.

47. Ceci FM, Ferraguti G, Petrella C, et al. 
Nerve growth factor in alcohol use disor-
ders. Curr Neuropharmacol  2020; 19: 45–60.

48. Ehrhard PB, Erb P, Graumann U, et al. 
Expression of nerve growth factor and 
nerve growth factor receptor tyrosine 
kinase Trk in activated CD4-positive T-cell 
clones. Proc Natl Acad Sci USA 1993; 90: 
10984–10988.

49. Caroleo MC, Costa N, Tirassa P, et al. 
Nerve growth factor produced by acti-
vated human monocytes/macrophages is 
severely affected by ethanol. Alcohol  
2004; 34: 107–114.

50. Diniz BS, Teixeira AL, Machado-Vieira R, 
et al. Reduced serum nerve growth factor 
in patients with late-life depression. The A 
J Geriatr Psychiatry 2013; 21: 493–496.

51. Lhullier AC, Moreira FP, da Silva RA,  
et al. Increased serum neurotrophin  
levels related to alcohol use disorder in 
a young population sample. Alcohol  
Clin Exp Res 2015; 39: 30–35.

52. Chul BL, Choi I-G, Kim Y-K, et al.  
Relation between plasma brain- 
derived neurotrophic factor and nerve 
growth factor in the male patients with 
alcohol dependence. Alcohol 2009; 43: 
265–269.

53. Heberlein A, Muschler M, Frieling H,  
et al. Epigenetic down regulation of nerve 
growth factor during alcohol withdrawal: 
Epigenetic regulation of nerve growth 
factor. Addict Biol 2013; 18: 508–510. 

54. Heberlein A, Schuster R, Kleimann A,  
et al. Joint effects of the epigenetic 
alteration of neurotrophins and cytokine 
signaling: A possible exploratory model 
of affective symptoms in alcohol- 
dependent patients? Alcohol Alcohol  
2017; 52(3); 277–281.


