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Abstract 

Background:  There is evidence that brain-derived neurotropic factor (BDNF) plays a protective role in the brain. 
Peripheral levels of BDNF correlate with its concentration in the brain. Previous studies have revealed lower serum 
BDNF levels in patients with mental illnesses. In most studies serum BDNF correlates negatively with psychiatric dis‑
orders and disease severity. Most studies in this field are on psychiatric diagnosis and personality traits. The aim of our 
study is to explore associations between general psychiatric symptoms, independent of diagnostic groups, and serum 
BDNF as well as the inflammatory biomarker high-sensitive CRP (hs-CRP). Comparison between the group regularly 
using psychotropic medication and those not using psychotropic medication is conducted.

Methods:  The study is a cross sectional study with 132 participants from a general open inpatient psychiatric ward at 
the Nordland Hospital Trust, Bodoe, Norway. Participants were assessed on serum levels of BDNF and hs-CRP. Psychi‑
atric symptoms were assessed by a self-rating scale (Symptom check list, SCL-90- R). Multiple linear regression model 
was used for statistical analyses of associations between levels of BDNF, hs-CRP and symptoms.

Results:  We found a positive association (p < 0.05), for most SCL-90 symptom clusters with BDNF in the psychotropic 
medication-free group. No associations were found in the group of patients using psychotropic medication, except 
one, the paranoid ideation cluster (p 0.022). No associations were found between hs-CRP and symptom clusters.

Conclusion:  We found no relation between symptom clusters and the inflammatory biomarker hs-CRP. Serum BDNF 
levels were positively associated with intensity of psychiatric symptoms in the group of patients not using psycho‑
tropic medication. Our findings are in conflict with several previous studies reporting increased hs-CRP as well as 
decreased rather than increased BDNF in mental suffering. Patients on psychotropic medication may not require the 
same upregulation because the medication is modulating the underlying biological pathology.

Keywords:  Brain derived neurotropic factor (BDNF), high-sensitive- C-reactive protein (hs-CRP), general psychiatric 
symptoms
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Introduction
Identifying the causative and maintaining role of bio-
chemical factors in mental illness may aid in the devel-
opment of more effective treatment and prevention of 
mental illness. Brain derived neurotrophic factor (BDNF) 
is a widely distributed substance in the central nervous 
system. It plays an important role in the adult brain, reg-
ulating neuronal integrity, promoting synaptic plastic-
ity. It also modulates synthesis, metabolism and release 
of neurotransmitters. Thus, BDNF may be important in 
the pathology of mental suffering like depression. BDNF 
crosses the blood brain barrier (BBB) and serum concen-
trations strongly correlate with brain levels [1–4].

Animal models demonstrate stress-induced dysregu-
lation of BDNF-expression, especially in response to 
chronic stress [5]. In humans, lower serum BDNF levels 
have been seen in patients with major depressive disorder 
(MDD), bipolar disorder (BD), schizophrenia, eating dis-
order, obsessive-compulsive disorder (OCD) and alcohol 
dependency [5]. In most studies involving MDD, serum 
BDNF levels correlated negatively with disease severity, 
and antidepressant treatment increased serum levels of 
BDNF, as do antipsychotics in schizophrenia [6]. These 
findings could indicate that a low BDNF level reflects 
general mental stress. Some studies found that serum 
BDNF levels were not influenced by neither type of psy-
chotropic medication, nor doses. They found no sig-
nificant association between antidepressants and BDNF 
levels, but recommended follow-up studies in drug-naïve 
patient [5]. Most studies in this field are, however, on dis-
tinct diagnostic groups or personality traits compared to 
healthy controls [5]. These diagnostic groups may include 
a heterogeneous spectre of symptoms and a specific role 
of BDNF in specific symptoms has not been described.

C-reactive protein (CRP) is a well-known biological 
marker of systemic inflammation. High sensitivity (hs)-
CRP is a more sensitive test for subtle inflammation, and 
serum hs-CRP may reflect a low-grade systemic inflam-
matory state of various mental disorders [7]. CRP is 
synthesized in the liver in response to certain pro-inflam-
matory cytokines [8].

As the psychiatric diagnostic groups are merely syn-
dromal, with collections of symptoms or signs often seen 
together, they may not represent one common biological 
process. The diagnostic groups for mental illnesses are 
wide and partly unspecific, masking differences within 
the groups [9]. Also, the observed rate of co-occurrence 
of symptoms among some general psychiatric disorders 
is high [10], and could in part be due to their multi-facto-
rial nature [11]. Mental suffering and symptoms may also 
be grouped into “clusters of symptoms” independent of 
diagnostic groups. One of the most widely replicated dis-
orders are the mood and anxiety disorders [12].

Studying symptoms in relation to biological markers as 
possible indicators of disease or symptoms may be cru-
cial to reveal causative relations. There are a few reports 
on altered levels of biological markers in relation to spe-
cific symptoms rather than diagnostic groups, e.g. hs-
CRP and MCP in fatigue [13] and TGF and aggression / 
agitation [14], but this field is not extensively studied. To 
the best of our knowledge, no studies have so far inves-
tigated the relation between psychiatric symptoms in 
patients with known mental disorders and serum BDNF 
as well as hs-CRP.

The aim of the present study was to explore the asso-
ciations between psychiatric symptoms as measured by 
of SCL-90-R with serum BDNF and hs-CRP levels in a 
patient sample admitted to open ward inpatient stay for 
treatment of psychiatric disorders. Also, we wanted to 
compare the group regularly using psychotropic medica-
tion and those not using psychotropic medication.

Methods
Participants
In this cross-sectional study a total of 138 patients were 
recruited from an open in-patient general psychiatric 
ward, at the Department of Mental health and Addiction, 
Nordland Hospital Trust, Bodoe, Norway. Six partici-
pants were excluded due to incomplete data sets.

Patients aged 18 years and above were recruited con-
secutively in the period February 2014 to February 
2018. Patients were referred from the hospital’s outpa-
tient services and from general practitioners. Patients 
not giving their consent and not understanding Nor-
wegian language or otherwise unable to give informed 
consent were excluded. A research nurse informed eligi-
ble patients about the study and written informed con-
sent was obtained by a doctor administering the clinical 
assessments.

Ethics
The study was approved by the Regional Ethics Commit-
tee (notification 2015/1809/REK Nord).

Data collection and assessment of psychiatric symptoms
The following data were obtained from patients: Weight, 
height and smoking habit.

Age and gender were given from person identification 
data. All the patients were assessed by the main investi-
gator (first author) upon consultation approximately one 
week after admittance to the ward. At assessment a rating 
scale for psychiatric symptoms was administered. Symp-
tom check list 90 (SCL-90-R) is a validated 90 item rating 
scale used in research for monitoring actual symptoms 
and symptom clusters experienced by the patient dur-
ing the last week. SCL-90 gives a valid picture of mental 
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suffering, and is also considered a useful tool for meas-
uring psychological status, measuring change in outcome 
studies, or screening for mental disorders. Each of the 90 
items is rated on a five-point scale, ranging from, not at 
all (0) to extremely (4) [15]. The 90 single items are often 
grouped as primary dimensions or clusters: Depression, 
somatization, obsessive compulsive, interpersonal sen-
sitivity, anxiety, anger hostility, phobic anxiety, paranoid 
ideation, and psychoticism. All symptom clusters are 
measured with raw scores in our investigation. Global 
severity index (GSI) is an index that provide measures of 
overall psychological distress. We stratified the sample 
in two subgroups: Those using psychotropic medication 
regularly and those not using psychotropic medication.

Biological measures
Blood was withdrawn by trained technicians in the 
morning the day of assessment between 08:00-10:00 a.m., 
after approximately 12 hours of fasting and rest and no 
exercise. Biochemical measures were performed at the 
Department of Laboratory Medicine, Nordland Hospi-
tal Trust. For measurement of serum BDNF, blood was 
withdrawn in Vacuette gel-tubes, left for 30 minutes 
on ice before centrifugation for 10 minutes at 2300 x g 
(3500 rpm). Serum (2 x 1 mL) was stored in Matrix tubes 
on ice up to 2 hours before freezing at -80o C. Human 
Free BDNF Quantikine ELISA Kit (R&D Systems, Min-
neapolis, MN, USA) was used according to the instruc-
tions from the manufacturer and performed by trained 
technicians. hs-CRP in serum was analyzed on a Sie-
mens Prospec nephelometer using CardioPhase® hs-
CRP reagents kits from Siemens Healthineers (Erlangen, 
Germany).

Statistical analysis
Multiple linear regression analysis was performed using 
serum BDNF and hs-CRP as dependent variables and 
symptom clusters as well as confounding factors as BMI, 
smoking, age and sex as independent variables. The sam-
ple were split into two subgroups; patient using psy-
chotropic medication regularly and patients not using 
psychotropic medication. For all analyses the IBM-SPSS 
version 26.0 was used, and the statistical significance was 
set at p < 0.05.

Results
Demographics
The characteristics of participants are presented in 
Table  1. Among the 132 patients there were 84 women 
and 48 men with a mean age of 37 years. Patients were 
recruited over a 4-year period. A total of 102 patients of 
the 132 were using psychotropic medication.

Biological measures
BDNF levels spanned from 13093 to 50434 pg/mL with 
a mean of 27184 pg/mL. Hs-CRP levels spanned from 
0.0 to 77.1 mg/L with a mean of 3.5 mg/L, and median 
of 1.6 mg/L. When two outliers of hs-CRP > 35 mg/L 
were removed the median was reduced to 1.5 and the 
mean to 2.7 mg/L, Table 1.

Psychotropic medication
Fourteen out of the 102 patients using regular psycho-
tropic medication used a combination of either antide-
pressive medication and benzodiazepines/ Z-hypnotics 
or antidepressive medication and antipsychotic medi-
cation. 8 patients used a combination of antidepressive 
medication and benzodiazepines/ Z-hypnotics, and 6 
used the combination of antidepressive and antipsy-
chotic medication.

Since this is an inpatient ward for patients with 
depression and anxiety disorders and not for patients 
with psychotic disorders, we presume that the use of 
antipsychotic medication is off- label use to improve 
sleep and reduce agitation. Characteristics of study par-
ticipants in the two different groups are presented in 
Tables 2 and 3.

Table 1  Characteristics of study participants

BDNF: Normal range: 6186-42580 pg/mL. Hs-CRP: Normal range < 4 mg/L. N = 
132

n %

Gender (male) 47 36

Smoking 60 46

Psychotropic medication 102 77

Antidepressant 87 66

Antipsychotic 5 4

Other 10 8

Min Max Mean SD

BMI 15 55 28 7

Age (years)
BDNF (pg/ml)
hs-CRP

18
13093
0.01

78
50435
14

37
27184
2.7

14
6253
3

Table 2  Characteristics of study participant with psychotropic 
medication

BDNF: Normal range: 6186-42580 pg/mL. Hs-CRP: Normal range < 4 mg/L. N = 
102

Min Max Mean SD

BMI 16 44 28 6

Age (years)
BDNF (pg/ml)
hs-CRP

18
13093
0.00

64
50434
14

38
27343
2.8

13
6158
3
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Psychometrics
Our participants had highest scores on depression, 
obsessive- compulsive, somatization, and anxiety symp-
tom clusters in SCL-90, Table 4.

Multiple linear regression analysis
BDNF as well as hs-CRP were set as dependent vari-
ables and symptom clusters and confounding factors 
as predictors. We used split file for psychotropic medi-
cation and analysed in two subgroups; with or without 
psychotropic medication. In the regression analysis no 
co-linearity problem was detected, also evaluated with 
residual analysis.

In the subgroup of patients not using psychotropic 
medication, significantly higher BDNF was seen for 
all SCL-90 symptom clusters apart from anger-hostil-
ity, obsessive-compulsive and paranoid ideation. The 
results remained significant when adjusting for age, 
gender, smoking and BMI, Table 5.

In the subgroup of patients using psychotropic medi-
cation the paranoid ideation cluster was the only symp-
tom cluster associated with BDNF. The association was 
negative, adjusted for age, gender, smoking and BMI, 
table 6.

For hs-CRP no associations with symptom clusters 
were seen in either group, adjusted for age, gender, smok-
ing and BMI, Tables 7 and 8.

Discussion
Among patients not using psychotropic medications, sig-
nificant positive associations were seen between BDNF 
and most symptom clusters; depression, somatization, 
interpersonal sensitivity, anxiety, phobic anxiety, and psy-
choticism, as well as a global severity index were found. 
The finding was consistent after correcting for confound-
ers. For the patient group taking psychotropic medica-
tion an association between BDNF and symptom clusters 
was seen only for the paranoid ideation cluster. We did 
not find any association between hs-CRP and the differ-
ent symptom clusters.

BDNF is suggested as a biomarker in mental disor-
ders [16]. For the unmedicated patient group we found a 

Table 3  Characteristics of study participant without 
psychotropic medication

BDNF: Normal range: 6186-42580 pg/mL. Hs-CRP: Normal range < 4 mg/L. N = 
30

Min Max Mean SD

BMI 15 55 29 10

Age (years)
BDNF (pg/ml)
hs-CRP

20
14004
0.0

78
42740
15

34
26647
2

14
6643
3

Table 4  Range of symptom clusters, raw-scores from SCL-90-R

a  Valid N 95, cases excluded listwise. Cases included in the analysis only if they 
have full data on all of the variables listed

Na Mean Minimum Maximum

Depression 125 27 0 46

Somatization 125 19 0 46

Anxiety cluster 126 17 0 37

Phobic anxiety 120 10 0 25

Paranoid ideation 122 7 0 20

Anger hostility 128 4 0 21

Psychotisism 127 9 0 30

Obsessive compulsive 126 20 0 38

Interpersonal sensitivity 126 16 0 35

Global severity index 127 12 0 22

Table 5  Multiple linear regression analysis of BDNF and 
symptom clusters from group with no psychotropic medication

*Adjusted for age, gender, smoking and BMI. BDNF dependent variable, 
symptom clusters independent variables

Coefficient P - value* 95% CI

Depression 0.4 0.032 (115.8- 490.3)

Somatization 0.4 0.028 (49.4- 504.1)

Anxiety 0.6 0.004 (157.7- 641.8)

Phobic anxiety 0.4 0.035 (151.7- 770.9)

Paranoid ideation 0.3 0.175 (82.8- 872.2)

Anger hostility 0.4 0.066 (110.8- 1410.8)

Psychotisism 0.5 0.031 (163.2- 764.7)

Obsessive compulsive 0.3 0.073 (126.9- 658.3)

Interpersonal sensitivity 0.4 0.025 (161.1- 710.8)

Global severity index 0.5 0.008 (298.9- 1123.9)

Table 6  Multiple linear regression analysis of BDNF and 
symptom clusters from group with psychotropic medication

*Adjusted for age, gender, smoking and BMI. Hs-CRP dependent variable, 
symptom clusters independent variables

Coefficient P-value* 95% CI

Depression -0.03 0.750 (-136.1- 100.4)

Somatization -0.10 0.357 (-163.2- 63.6)

Anxiety -0.17 0.091 (-298.8- -0.9)

Phobic anxiety -0.15 0.161 (-320.2- 42,7)

Paranoid ideation -0.25 0.022 (-579.7- -39.2)

Anger hostility -0.15 0.109 (-683.3- 22.2)

Psychotisism -0.17 0.088 (-418.9- 9.8)

Obsessive compulsive -0.17 0.094 (-281- 16.8)

Interpersonal sensitivity -0.16 0.124 (-298.9- 4.8)

Global severity index -0.18 0.081 (-467.0- 77.6)
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positive association between level of BDNF and intensity 
of symptoms in several SCL-90 clusters. In line with our 
findings a recent study reported higher levels of BDNF 
in bipolar disorder, where higher levels of BDNF were 
associated with longer illness duration [17]. Some stud-
ies found significant positive association of BDNF with 
negative symptoms in schizophrenia and it has been 
suggested that the increased level of BDNF represents a 
compensatory response to the underlying neuropathol-
ogy in the brain regions implicated [18]. Our findings 
also are in keeping with the findings of Kheirouri et  al. 
[19] in patients with major depressive disorder (MDD).

However, most previous studies report a negative asso-
ciation between mental suffering and level of BDNF. This 
negative association is reported to reverse with success-
ful treatment [5]. Some studies did not find any effect of 
medication on level on BDNF for depression symptom 
scores [16, 20]. For example, in one study olanzapine 

showed no alteration of BDNF after 8 weeks of treat-
ment [21]. In another study BDNF was associated with 
specific personality traits and psychological job stress in 
Japanese employees [22]. In conclusion, results concern-
ing BDNF levels in mental suffering are so far inconsist-
ent. We speculate that our findings of significant positive 
associations between BDNF and most symptom clusters 
in non-medicated patients including depression, soma-
tization, anxiety and psychoticism may be explained 
through the involvement of BDNF in the hypothalamic-
pituitary-adrenal (HPA) axis in depression: The psycho-
logical stress of depression, causes an upregulated level of 
BDNF that in turn causes an increase in corticotrophin-
releasing hormone leading to glucocorticoid release [19]. 
The findings however need to be repeated.

We did not find any association between increased 
symptoms and decreased BDNF in the group not taking 
medication, and only for one symptom cluster, Paranoid 
ideation, in the medication group. Evaluating this it is 
important to remember that at the time of assessment 
patients are expected to be improving from their men-
tal suffering. One explanation may be that the body and 
brain conduct self-repair and compensates by upregu-
lating BDNF. The group of patients using psychotropic 
medication did not show this upregulation despite the 
same symptom burden as reported by SCL-90-R.

We did not find any significant association between 
symptom clusters and hs-CRP when adjusted for con-
founding factors. Other studies have found that hs-
CRP is related to severity of depressive symptoms [23]. 
Increased hs-CRP has been reported in patients with 
fibromyalgia and chronic fatigue syndrome [13] as well as 
in depression and anxiety [24]. We do not have a group of 
healthy controls and thus cannot claim that our patients 
actually have increased hs-CRP, but a mean level 2.7 still 
represent moderately increased risk of cardiovascular 
disease (low risk cut off < 1 mg/L).

Overall, we could not reproduce the findings from 
other studies in hs-CRP, and the findings on BDNF may 
seem in conflict with previous reports. Factors contrib-
uting to inconsistency in this field may be variations in 
methodology, symptom severity, medication, measure 
used to diagnose and size and ethnicity of the sample 
[25]. Previous studies have demonstrated associations 
between serum BDNF and lifestyle factors as smok-
ing, BMI and physical activity [26], as well use of psy-
chotropic medication [5]. It is also known that age and 
gender can affect the BDNF level. A higher BDNF serum 
level is associated with increasing age, residence in high 
degree of urbancy and smoking [25].

There are several limitations to the study. Information 
on symptoms, smoking, weight and height in our study 
were obtained from the self-report questionnaire with a 

Table 7  Multiple linear regression analysis of hs-CRP and 
symptom clusters from group with no psychotropic medication

*Adjusted for age, gender, smoking and BMI. Hs-CRP dependent variable, 
symptom clusters independent variables

Coefficient P-value* 95% CI

Depression 0.1 0.724 -0.05- 3.9

Somatization 0.1 0.726 -0.1- 0.1

Anxiety -0.1 0.639 -0.1- 0.1

Phobic anxiety 0.4 0.058 -0.2- 0.2

Paranoid ideation 0.3 0.275 -0.1- 0.3

Anger hostility 0.2 0.314 -0.2- 0.4

Psychotisism 0.2 0.390 -0.1- 0.2

Obsessive compulsive -0.2 0.920 -0.1- 0.2

Interpersonal sensitivity 0.3 0.192 -0.1- 0.2

Global severity index 0.2 0.272 -0.2- 0.2

Table 8  Multiple linear regression analysis of hs-CRP and 
symptom clusters from group with psychotropic medication

* Adjusted for age, gender, smoking and BMI. Hs-CRP dependent variable, 
symptom clusters independent variables

Coefficient P-value* 95% CI

Depression -0.03 0.752 -0.5- 0.1

Somatization 0.02 0.863 -0.3- o.1

Anxiety 0.09 0.396 -0.0- 0.1

Phobic -anxiety -0.12 0.288 -0.1- 0.1

Paranoid ideation -0.18 0.101 -0.1- 0.1

Anger hostility -0.06 0.595 -0.1- 0.2

Psychotisism -0.08 0.445 0.1-0.2

Obsessive compulsive -0.17 0.100 -0.1- 0.1

Interpersonal sensitivity -0.13 0.211 -0.1-0.1

Global severity index -0.04 0.720 -0.1-0.2
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risk of biased reporting. The sample size is small, espe-
cially regarding the subgroup with no use of psychotropic 
medication. However, other similar studies published in 
this field report smaller numbers (n < 100) [16, 19, 25]. 
Our aim was to search for association between BDNF and 
mental suffering in the two groups; with or without psy-
chotropic medication. We did not study BDNF in relation 
to diagnoses or symptoms compared to a healthy con-
trol group, and this is a main limitation. However, we are 
still able to compare general mental suffering with BDNF 
and hs-CRP adjusting for the known confounding fac-
tors. We do not use psychiatric diagnostic groups in this 
study, thus we cannot relate the findings directly to other 
studies based on diagnostic groups. Also, this is a cross 
sectional natural study. Patients were not randomised to 
either medication or non-medication. Furthermore, as 
mentioned they were not acutely ill. Another limitation 
might be that presence of other physical illnesses were 
not considered.

One main originality of our study is the focus on 
symptoms and symptom clusters rather than diagnos-
tic groups. Another original factor in our study is that 
the data were sampled roughly 7 days after admittance 
to reduce potential stress achieved by the admittance 
itself for the patients and thereby to reduce any possible 
stress-induced alterations in the biological markers. Dur-
ing these 7 days patients will also have been exposed to 
care, safety, professional milieu therapy, psychotherapy, 
often improved sleep and nutrition. All of which could 
contribute to reduce the possible stress of admittance to 
the inpatient setting. Also, the focus on a general open 
ward inpatient group may add information to the field 
regarding effect of different degrees of illness compared 
to patient groups in other studies.

There also are several general strengths. We adjusted 
for smoking, weight and height as well as use of psy-
chotropic medication. Regarding biological measures, 
serum was sampled after rest and fasting in the morning 
to avoid effects of diurnal variation. As serum BDNF lev-
els have been shown to be significantly lower if blood is 
drawn in the afternoon and diurnal variations of BDNF 
plasma levels are known [26] we sampled sera fasting in 
the morning, and without previous exercise. Further-
more, the laboratory used a standardized protocol for 
analysis and with an experienced technician performing 
the analysis.

Conclusion
Our findings revealed that contrary to most previous 
reports, serum BDNF levels were positively associ-
ated with several psychiatric symptoms in the group 
of patients not using psychotropic medication. This 
was not seen in the group on psychotropic medication. 

We speculate that the group of patients not using psy-
chotropic medication depict more biological altera-
tion than those on medication, and that upregulation 
of BDNF has occurred in the medication free group. 
Patients using psychotropic medication are probably 
not in need of the same upregulation because the medi-
cation are modulating the underlying biological pathol-
ogy, but this needs further investigation.

Hs-CRP had a mean level of 2.7 mg/L which may 
represent a moderately increased risk of cardiovascu-
lar disease [27], but no associations were found to the 
symptom clusters. This is in line with the findings in 
other studies that increased hs-CRP is not specific for 
a certain symptom cluster, but rather related to mental 
suffering and cardiovascular risk in general.

The major contribution of the present study is the 
use of symptoms rather than diagnosis, the integration 
of confounding factors, and standardized analysis of 
serum BDNF. To our knowledge this is the only report 
on the relationship between psychiatric symptoms, 
BDNF and hs-CRP in two groups; with and without 
psychotropic medication use in a sample with inpa-
tients with general mental disorders from Northern 
Norway.

Our results provide further evidence for a role for 
BDNF in the pathophysiology of mental disorders, 
especially revealed in the group of patients not using 
psychotropic medication. Furthermore, it also suggests 
that BDNF alteration in general mental disorder reflect 
response to general stress and mental illness, independ-
ent of presented symptoms.
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