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Serum BDnf levels correlate 
with regional cortical thickness 
in minor depression: a pilot study
M. polyakova1,2,3,9*, F. Beyer1,10, K. Mueller1, C. Sander2,3, V. Witte1,3, L. Lampe1,3, 
f. Rodrigues3,4, S. Riedel‑Heller3,4, J. Kratzsch3,5, K. T. Hoffmann6, A. Villringer1,3,7, 
p. Schoenknecht2,3,8 & M. L. Schroeter1,3,9

Serum brain‑derived neurotrophic factor (BDNF) reflects state changes in mood disorders. But its 
relation to brain changes in depression has rarely been investigated in humans. We assessed the 
association between serum BDNF, cortical thickness, or gray matter volume in 20 subjects with 
a minor depressive episode and 40 matched healthy subjects. Serum BDNF positively correlated 
with cortical thickness and volume in multiple brain regions in the minor depression group: the 
bilateral medial orbitofrontal cortex and rostral anterior cingulate cortex, left insula, and cingulum, 
right superior frontal gyrus, and other regions—regions typically affected by major depression. 
Interestingly, these correlations were driven by subjects with first episode depression. There was no 
significant association between these imaging parameters and serum BDNF in the healthy control 
group. Interaction analyses supported this finding. Our findings point to a specific association between 
serum BDNF and magnetic resonance imaging parameters in first‑episode minor depression in a 
region‑ and condition‑dependent manner. A positive correlation between serum BDNF and structural 
gray matter estimates was most consistently observed for cortical thickness. We discuss why cortical 
thickness should be preferred to volumetric estimates for such analyses in future studies. Results of 
our pilot study have to be proven in future larger‑scale studies yielding higher statistical power.

Minor depression is a subclinical depressive state characterized by depressed mood or lack of interest, combined 
with one to three other depressive symptoms disturbing a patient over two weeks. In later life minor depres-
sion becomes more prevalent than major depressive disorder (MDD)1. Patients suffering from this have an 
increased risk of developing  MDD2 or attempting  suicide3. The pathophysiology of minor depression remains 
largely  unexplored4. Its clinical proximity to MDD makes minor depression a good clinical model for examining 
the earliest pathophysiological changes in depression. Here one has to differentiate between minor depressive 
episode and minor depressive disorder. For the diagnosis of minor depressive disorder, in contrast to episode, 
an exclusion of depression history is  crucial5.

The neurotrophic hypothesis of depression is highly discussed today. It postulates that mood disorders are 
related to decreased synthesis of brain-derived neurotrophic factor (BDNF) in the brain resulting in impaired 
synaptogenesis and neuronal  activity6. Treatment with antidepressants, on the other hand, increases BDNF secre-
tion in the  brain7 and in  serum8, whereas the latter is associated with recovery from  depression9.

In this study, we investigated whether serum (s)BDNF levels are related to changes in human gray matter 
parameters in subjects with minor depression and in healthy controls. To our knowledge, very few studies have 
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attempted to relate sBDNF to brain imaging parameters. Some region-of-interest-based analyses revealed a posi-
tive correlation between sBDNF and the volume of the hippocampus in healthy  subjects10,11. Others found no 
correlation of hippocampal and amygdala volumes with sBDNF, neither in healthy  subject12 nor in subjects with 
mood  disorders13 or  schizophrenia12. One study did not find any relation of cortical thickness across the brain 
to sBDNF in healthy subjects and subjects with recurrent  MDD14, and another reported a negative correlation 
in patients with  schizophrenia12.

Histologically, parameters such as gray matter volume and cortical thickness measured by magnetic resonance 
imaging (MRI) in vivo represent distinct brain  features15. Gray matter volume is, mathematically, a product of 
thickness and area, where area has more  weight16,17. In ontogenesis, cortical surface area is defined by the number 
of neuronal columns and cortical thickness is defined by the number of neurons within the columns. Moreover, 
these brain features are related to distinct sets of  genes17. In neuroimaging studies, the histological underpinnings 
of imaging parameters are rarely taken into account.

In this perspective, studies on the correlation between sBDNF and MRI parameters lack a systematic 
approach, investigating different diseases using different analysis methods, with potentially improper parameters. 
Since cortical thickness and volume are distinct measures of the  brain16, we performed a systematic whole-brain 
structural MRI study correlating sBDNF levels to these imaging parameters estimated with FreeSurfer. Due to 
the neurotrophic effects of BDNF we generally hypothesized a positive correlation between sBDNF and corti-
cal estimates, modified due to the reduction of sBDNF and regional gray matter volume/cortical thickness in 
depressive disorders. Differences between subjects with or without a history of depression were assessed in an 
explorative analysis.

Methods
Subjects. Twenty subjects satisfying DSM-IV  criteria5 for minor depressive episode were selected from the 
database of the population-based LIFE-Adult  study18. In accordance with Structured Psychiatric Interview for 
DSM-IV Disorders (SKID), every subject had one to four depressive symptoms for at least two weeks, with 
depressed mood or loss of interest being one of them. Forty healthy volunteers from the same study were free 
from depressive symptoms or cognitive impairment and were matched at a 1:2 ratio by sex and age to the sub-
jects with minor depression. The study was carried out in accordance with the Declaration of Helsinki and 
approved by the Ethics Committee of the University of Leipzig. All participants gave written informed consent.

Mild and major neurocognitive  disorders2–4 (formerly known as mild cognitive impairment and dementia) 
were excluded according to DSM-5 diagnostic criteria for mild Neurocognitive Disorder (NCD). These criteria 
require: (A) presence of subjective cognitive disturbance; (B) objective cognitive decline 1–2 standard deviations 
(SD) below sex- and age-adjusted norms in at least one of five cognitive domains; (C) preserved activities of daily 
living according to the Activities of Daily Living scale (ADL); (D) absence of delirium and major psychiatric 
illness (E).

Cognitive testing was performed using the German version of the Consortium to Establish a Registry for 
Alzheimer’s Disease (CERAD)-plus test battery and a Stroop test. Specific tests or subtests were assigned to each 
DSM-5 cognitive domain. With Trail Making Test (TMT)-A and Stroop neutral we evaluated attention, with 
TMT-B/A and Stroop incongruent/neutral executive function. The word list subtest from the CERAD-plus test 
battery was used for assessment of learning and memory, figure drawing test was used for the visuo-construction/
perception domains. Participants’ scores were compared to normative values adjusted for sex, age, and educa-
tion, obtained from the Basel memory clinic (www.memor yclin ic.ch). A mean deviation from the norms was 
calculated for each cognitive domain if this domain was assessed with more than one test.”

BDnf measurement. Blood samples were withdrawn from subjects by venipuncture, between 7:25 and 
10:45 in the morning, after an overnight fasting. Serum was prepared using the standard operating procedures. 
In brief, samples were left for 45 min for clotting, followed by a centrifugation step (10 min, 2,750 g, 15 °C). 
Samples were then filled in straws (CryoBioSytems IMV, France) by an automatic aliquoting system (DIVA, 
CryoBioSytems IMV, France). To minimize freeze–thaw cycles, samples were sorted in a cryogenic work bench 
(temperatures below − 100 °C) and automatically stored in tanks with a coolable top frame in the gas phase of 
liquid nitrogen (Askion, Germany) and stored for  analysis18. Serum BDNF was assessed using an ELISA kit 
manufactured by R&D Systems (Wiesbaden, Germany) as previously  described4.

Neuroimaging—measurement of gray matter volume & thickness. T1-weighted images were 
acquired with a 3-T Magnetom Verio Scanner (Siemens Healthcare, Erlangen, Germany) using three-dimen-
sional magnetization-prepared rapid gradient-echo imaging (3D MP-RAGE) protocol with the following 
parameters: inversion time 900  ms; repetition time 2,300  ms; echo time 2.98  ms; flip angle 9°; field of view 
256 × 240 × 176 mm; voxel size 1 × 1 × 1 mm. To analyze gray matter volume and cortical thickness, T1-weighted 
images were preprocessed using FreeSurfer version 5.3.0 (https ://surfe r.nmr.mgh.harva rd.edu/) 19.

MR images were preprocessed using the standard pipeline recon-all. After normalization and skull-stripping 
of the T1-weighted images, cortical tissue boundaries were reconstructed and transformed to a subject-specific 
surface mesh. The distance between pial and gray/white matter surfaces at each vertex location of the mesh was 
calculated in order to obtain cortical thickness  measurements20. Based on Desikan-Killiany’s cortical parcellation, 
regional cortical thickness and gray matter volume was extracted separately for the several brain regions in each 
hemisphere and averaged for the analysis. All images were visually checked for misplaced tissue boundaries and 
manually corrected if necessary.

http://www.memoryclinic.ch
https://surfer.nmr.mgh.harvard.edu/)
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Statistics. The statistical analysis was performed in SPSS Version 24 (IBM Corp., Armonk, NY, USA). After 
the visual assessment of data distributions, gray matter volume, normalized to total intracranial volume (TIV), 
and cortical thickness estimates were correlated with sBDNF levels by calculating Pearson’s correlation coeffi-
cients separately for each group. First, we used the uncorrected p value < 0.05 (one-tailed, directed hypothesis). 
We subsequently corrected for multiple comparisons using the false discovery rate (FDR) approach as suggested 
by Benjamini–Hochberg21 with a threshold of 0.05. The family of tests included all segmented brain regions and 
mean thickness (68 regions left/right tests for the left/right analysis). We report uncorrected p values along with 
the calculated FDR p  value21. These are labelled accordingly throughout the tables in bold. Interaction effects 
were tested between the significant correlations in minor depression and healthy control groups by using Fisher’s 
z-test. Subgroup analysis was performed post hoc according to the same procedures as the main analysis. Figures 
were prepared by MP in Blender 2.78 software (https ://www.blend er.org/) using the Desikan-Killiani template 
by Prof. Anderson Winkler (https ://brain der.org/resea rch/brain -for-blend er/).

Results
participants’ characteristics. Subjects with minor depressive episode were not significantly different 
from control subjects in terms of age, sex, body mass index (BMI), and amount of white matter hyperintensities 
as rated using the Fazekas scale. Levels of sBDNF were also comparable, i.e. not significantly different, between 
both groups (see Table 1).

cortical thickness. Cortical thickness, and gray matter volume, were not statistically different between 
both groups (Supplementary Table 1 and 2), whereas sBDNF correlated with imaging parameters. At p < 0.05, 
we observed a positive correlation between sBDNF and cortical thickness only in the minor depression group 
as illustrated in Fig. 1 and Table 2. On the uncorrected level, sBDNF positively correlated with cortical thickness 
in the left medial orbitofrontal, the rostral and caudal anterior cingulate cortex, posterior and isthmus cingulate 
cortex, and the insula and precuneus. In the right hemisphere we observed positive correlations between sBDNF 
and cortical thickness in the medial orbitofrontal, superior frontal, rostral anterior cingulate cortex, superior 
parietal cortex, temporal pole and transverse temporal, as well as with the supramarginal, postcentral and peri-
calcarine gyrus (Fig. 1). No regions remained significant after the FDR correction for multiple comparisons 
 pFDR < 0.05 (see Table 2).

In healthy subjects, contrary to our hypothesis, correlations tended to be negative (Table 2). On the uncor-
rected level (p < 0.05), we observed significant negative correlations between sBDNF and cortical thickness of 
the bilateral cuneus, right lingual gyrus, and insula. Positive correlations were observed only for the left caudal 
anterior cingulate cortex and right entorhinal region. Interestingly, a negative correlation between sBDNF and 
thickness in the right cuneus was significant at the  pFDR < 0.05 threshold.

Between-group interaction effects were significant for correlations between sBDNF and cortical thickness 
in the bilateral cuneus and insula, left medial orbitofrontal cortex, precuneus, isthmus and posterior cingulate 
cortex, as well as the right pericalcarine and lingual gyrus, pars opercularis and superior parietal lobule. In all 
these cases, we observed positive correlations in subjects with minor depression and near-zero or negative cor-
relations in healthy participants (Table 2).

cortical volume. Correlations between sBDNF and volumetric data are illustrated in Fig. 2 and Table 3. The 
regional correlation pattern was similar between the volumetric and cortical thickness data (see Figs. 1 and 2). In 
subjects with minor depression at p < 0.05, sBDNF correlated positively with bilateral medial orbitofrontal and 
pericalcarine cortical volume. Additionally, in the left hemisphere, we observed positive correlations between 
sBDNF and volumes of the left rostral, caudal, and anterior cingulate, as well as the posterior cingulate cortex, 
precuneus, fusiform, entorhinal, and postcentral gyrus. In the right hemisphere, sBDNF positively correlated 
with volumes of the isthmus cingulate, lateral orbitofrontal, precentral cortex, pars orbitalis of the inferior fron-
tal gyrus, superior parietal and superior temporal gyrus, as well as with the temporal pole and supramarginal 
gyrus.

In healthy subjects, negative correlations at p < 0.05 were found between sBDNF and volumes of the right 
superior parietal cortex, right cuneus, lingual and fusiform, as well as with the left postcentral, and lingual gyrus. 
None of these correlations remained significant after FDR correction.

Table 1.  Participants’ characteristics. Chi-square test for sex, independent sample t test for age, body mass 
index (BMI), serum brain derived neurotrophic factor (sBDNF), Mann–Whitney U test for the Fazekas score.

Subjects with minor depression Healthy subjects p-value

N (with history of depression) 20 (12) 40 –

Sex (male/female) 5/15 10/30 1.0

Age (years) 70.3 (4.3) 69.6 (4.3) 0.57

Fazekas score (0/1/2) 6/12/2 12/23/5 0.90

BMI (kg/m2) 28.3 (5.2) 28.4 (5.2) 0.91

sBDNF (µg/l) 26.0 (5.1) 25.7 (7.1) 0.84

https://www.blender.org/
https://brainder.org/research/brain-for-blender/
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Interaction effects were significant for correlations of sBDNF with volumes of the left posterior and rostral 
anterior cingulate cortex, precuneus, postcentral, lingual gyrus, as well as for correlations with right medial 
orbitofrontal, middle temporal, lingual, superior parietal, superior temporal and supramarginal volumes. Simi-
lar to cortical thickness, positive correlations characterized the minor depression group, and negative ones the 
healthy control group.

Subgroup analysis. Finally, we performed a post hoc subgroup analysis to investigate potential differences 
between persons with and without a history of depression (n = 8 vs n = 12). The results are depicted in Supple-
mentary Tables 3–6 and Fig. 2. Interestingly, cortical thickness was larger in subjects without history of depres-
sion (Supplementary Table 3).

Further analysis showed that correlation between cortical thickness and sBDNF in the minor depression 
group was driven by subjects without a history of depression. Correlation between sBDNF and right medial 
orbitofrontal cortical thickness in this subgroup remained significant after FDR correction. Interaction effects 
between both subgroups were significant for the left lateral orbitofrontal gyrus, right medial orbitofrontal gyrus, 
right pars triangularis of the inferior frontal gyrus, the rostral anterior cingulate cortex, and superior frontal 
gyrus. In all regions, correlations in subjects with first-episode minor depression were significantly higher than 
in subjects with recurrent depression.

Gray matter volume correlated both positively and negatively with sBDNF in both subgroups. However, none 
of these correlations remained significant after FDR correction. Interaction effects were significant for correla-
tion between sBDNF and left middle temporal, right pericalcarine, and right posterior cingulate volumes. In 
all these cases, negative correlations were observed in subjects with first-episode minor depression and positive 
correlations in subjects with recurrent episode.

Discussion
To our knowledge, this is the first structural MRI study investigating the correlation between sBDNF and gray 
matter parameters in minor depression. At the uncorrected level (p < 0.05) positive correlation was detected in 
multiple depression-related regions in subjects with minor depressive episode, but not in the control group. The 
respective interaction effects were significant. The post hoc analysis revealed that correlations with cortical thick-
ness were driven by subjects with first-episode minor depression, while volumetric data showed mixed effects. 

Figure 1.  Correlation of serum BDNF with cortical thickness and normalized cortical volume in subjects with 
minor depression and healthy controls. (A) Correlation of sBDNF with cortical thickness in subjects with minor 
depression; (B) Correlation of sBDNF with cortical thickness in healthy controls; (C) Correlation of sBDNF 
with cortical volume normalized to total intracranial volume in subjects with minor depression; (D) Correlation 
of sBDNF with cortical volume normalized to total intracranial volume in healthy controls; BDNF Brain-
Derived Neurotrophic Factor, ACC  anterior cingulate cortex, OFC orbitofrontal cortex, PCC posterior cingulate 
cortex. Figures were prepared in Blender 2.78 software (https ://www.blend er.org/) using the Desikan-Killiani 
template by Anderson Winkler (https ://brain der.org/resea rch/brain -for-blend er/).

https://www.blender.org/
https://brainder.org/research/brain-for-blender/
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Region of interest

Subjects with minor depression Healthy controls Interaction analysis

Pearson’s 
correlation p-value pFDR 0.05

Pearson’s 
correlation p-value pFDR 0.05 Fisher’s z p-value

Left hemisphere

Bank of the 
superior temporal 
sulcus

− 0.21 0.18 0.03 − 0.03 0.44 0.04 – –

Caudal anterior 
cingulate 0.39 0.05 0.01 0.40 0.01 0.001 − 0.04 0.48

Caudal middle 
frontal 0.16 0.25 0.04 − 0.03 0.44 0.04 – –

Cuneus 0.24 0.16 0.03 − 0.35 0.01 0.004 2.08 0.02

Entorhinal cortex 0.28 0.12 0.03 0.17 0.14 0.02 – –

Frontal pole 0.11 0.33 0.04 0.14 0.19 0.02 – –

Fusiform gyrus 0.34 0.07 0.02 0.19 0.13 0.01 – –

Inferior parietal 
gyrus 0.03 0.45 0.05 0.25 0.06 0.01 – –

Inferior temporal 
gyrus 0.35 0.06 0.01 0.23 0.08 0.01 – –

Insula 0.40 0.04 0.01 − 0.14 0.20 0.02 1.90 0.03

Isthmus cingulate 0.49 0.01 0.004 − 0.04 0.40 0.03 1.96 0.03

Lateral occipital 
sulcus − 0.04 0.44 0.05 0.01 0.49 0.05 – –

Lateral orbitofron-
tal cortex 0.24 0.15 0.03 0.03 0.44 0.04 – –

Lingual gyrus 0.18 0.22 0.04 − 0.23 0.07 0.01 – –

Medial orbitofron-
tal cortex 0.49 0.01 0.003 0.19 0.12 0.01 1.16 0.12

Middle temporal 
gyrus 0.12 0.31 0.04 0.23 0.08 0.01 – –

Paracentral gyrus 0.16 0.25 0.04 − 0.02 0.46 0.04 – –

Parahippocampal 
gyrus − 0.04 0.44 0.05 0.13 0.21 0.02 – –

Pars opercularis 0.31 0.09 0.02 0.02 0.45 0.04 – –

Pars orbitalis − 0.04 0.44 0.05 − 0.001 0.50 0.05 – –

Pars triangularis 0.04 0.44 0.05 − 0.24 0.07 0.01 – –

Pericalcarine 
cortex 0.35 0.07 0.02 − 0.27 0.05 0.01 2.17 0.15

Postcentral gyrus 0.13 0.29 0.04 − 0.20 0.11 0.01 – –

Posterior cingu-
late cortex 0.63 0.002 0.001 0.18 0.14 0.01 1.90 0.03

Precentral gyrus 0.10 0.34 0.04 0.07 0.34 0.03 – –

Precuneus 0.46 0.02 0.01 − 0.03 0.43 0.04 1.69 0.05

Rostral anterior 
cingulate cortex 0.42 0.03 0.01 0.04 0.41 0.04 1.39 0.82

Rostral middle 
frontal cortex 0.32 0.08 0.02 0.14 0.19 0.02 – –

Superior frontal 
gyrus 0.32 0.09 0.02 0.03 0.44 0.04 – –

Superior parietal 
gyrus − 0.16 0.25 0.04 − 0.02 0.44 0.04 – –

Superior temporal 
gyrus 0.25 0.15 0.03 0.09 0.30 0.03 – –

Supramarginal 
gyrus 0.17 0.24 0.04 − 0.04 0.41 0.04 – –

Temporal pole 0.18 0.22 0.03 0.24 0.07 0.01 – –

Transverse tempo-
ral gyrus 0.25 0.15 0.03 0.14 0.20 0.02 – –

Right hemisphere

Banks of the 
superior temporal 
sulcus

0.32 0.09 0.02 − 0.01 0.48 0.05 – –

Caudal anterior 
cingulate 0.15 0.26 0.04 0.09 0.29 0.03 – –

Caudal middle 
frontal 0.49 0.02 0.01 0.08 0.31 0.03 1.54 0.62

Continued
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Though most of these correlations remained non-significant after the FDR correction, they should inform future 
studies about the effect direction, effect size, and required sample size.

Imaging phenotype matters—cortical thickness should be preferred to cortical volume in 
depression. Following a recent publication from the field of imaging  genetics17, it is reasonable to argue that 
thickness and volume estimates are not interchangeable also in clinical investigations. In the FreeSurfer estima-
tions gray matter volume is a product of cortical area by cortical  thickness16,17. Since cortical area has larger inter-

Table 2.  Correlation between cortical thickness and serum BDNF in subjects with minor depression and 
healthy controls. BDNF brain derived neurotrophic factor, 1-tailed p-values are reported, FDR p value is 
derived using the Benjamini–Hochberg procedure, Fisher’s z-test for interaction analysis was performed only 
for significant correlations. Regions significantly correlating with sBDNF at p < 0.05 are marked as bold.

Region of interest

Subjects with minor depression Healthy controls Interaction analysis

Pearson’s 
correlation p-value pFDR 0.05

Pearson’s 
correlation p-value pFDR 0.05 Fisher’s z p-value

Cuneus 0.26 0.13 0.03 − 0.50 0.001 0.001 2.79  < 0.001

Entorhinal cortex 0.29 0.11 0.03 0.36 0.01 0.003 − 0.26 0.40

Frontal pole − 0.03 0.45 0.05 0.17 0.14 0.02 – –

Fusiform gyrus 0.30 0.10 0.02 − 0.17 0.15 0.02 – –

Inferior parietal 
gyrus 0.29 0.11 0.03 0.19 0.12 0.01 – –

Inferior temporal 
gyrus 0.30 0.10 0.02 0.20 0.11 0.01 – –

Insula 0.32 0.08 0.02 − 0.31 0.03 0.004 2.24 0.01

Isthmus cingulate 0.10 0.34 0.04 0.06 0.37 0.03 – –

Lateral occipital 
sulcus 0.34 0.07 0.02 0.02 0.46 0.04 – –

Lateral orbitofron-
tal cortex 0.13 0.29 0.04 0.10 0.26 0.03 – –

Lingual gyrus 0.33 0.08 0.02 − 0.38 0.01 0.002 2.53 0.01

Medial orbitofron-
tal cortex 0.57 0.005 0.001 − 0.13 0.21 0.02 2.65  < 0.001

Middle temporal 
gyrus 0.34 0.07 0.02 0.14 0.19 0.02 – –

Paracentral gyrus 0.17 0.24 0.04 0.05 0.38 0.03 – –

Parahippocampal 
gyrus 0.06 0.40 0.05 0.16 0.17 0.02 – –

Pars opercularis 0.48 0.02 0.01 0.03 0.42 0.04 1.68 0.05

Pars orbitalis 0.34 0.07 0.02 0.03 0.44 0.04 – –

Pars triangularis 0.30 0.10 0.03 0.07 0.34 0.03 – –

Pericalcarine 
cortex 0.52 0.01 0.00 − 0.11 0.25 0.02 2.35 0.01

Postcentral gyrus 0.23 0.17 0.03 − 0.08 0.32 0.03 – –

Posterior cingu-
late cortex 0.12 0.30 0.04 0.11 0.26 0.03 – –

Precentral gyrus 0.41 0.04 0.01 0.01 0.47 0.05 1.44 0.07

Precuneus 0.19 0.21 0.03 − 0.12 0.24 0.02 – –

Rostral anterior 
cingulate cortex 0.41 0.04 0.01 − 0.08 0.31 0.03 1.78 0.38

Rostral middle 
frontal cortex 0.22 0.18 0.03 − 0.01 0.47 0.05 – –

Superior frontal 
gyrus 0.38 0.05 0.01 0.01 0.48 0.05 1.35 0.09

Superior parietal 
gyrus 0.41 0.04 0.01 − 0.07 0.34 0.03 1.70 0.04

Superior temporal 
gyrus 0.36 0.06 0.01 − 0.01 0.47 0.04 – –

Supramarginal 
gyrus 0.49 0.01 0.004 0.01 0.47 0.05 1.78 0.38

Temporal pole 0.44 0.03 0.01 0.24 0.07 0.01 0.77 0.22

Transverse tempo-
ral gyrus 0.48 0.02 0.01 0.08 0.31 0.03 1.49 0.07
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individual variability, volumetric measures are more influenced by the area  estimates16. Moreover, the FreeSurfer 
algorithm has shown a tendency to misestimate cortical  volume22.

Histologically, cortical area is defined by the number of neuronal columns, while cortical thickness by the 
number of neurons and their connections within the  column23. The change of clinical state from euthymic to 
depressed is unlikely to alter the number of neuronal columns, and, therefore, cortical area and volume. Further-
more, sBDNF is a dynamic  measure24,25. In light of the neurotrophic hypothesis, a number of neuronal connec-
tions is thought to decrease due to deficiency of neurotrophic factors in  depression6. Therefore, we suggest that 
cortical thickness is much more useful for clinical studies compared to cortical volume to examine state changes 
in depression. Accordingly, we will further discuss results for this parameter only.

correlation between serum BDnf and regional cortical thickness seems to be relevant in early 
minor depressive states. In this study, sBDNF correlated positively with cortical thickness of numerous 
brain regions in minor depression. Though none of these correlations remained significant after the rigorous 
FDR correction, the total number of correlations was substantially higher than the expected at 5% false-positive 
rate (3.4 significant results are expected out of 68). Moreover, note that correlation coefficients reached relatively 
high values, explaining a high amount of variability in the data. sBDNF correlated positively with the thickness 
of the bilateral medial orbitofrontal cortex and rostral anterior cingulate, left cingulate cortex, insula, and right 
superior frontal gyrus. These regions are typically activated in functional MRI paradigms that assess emotion 
regulation in healthy  subjects26,27 and in major  depression22,27,28, and show changes in structure and glucose 
metabolism in MDD as revealed by systematic and quantitative meta-analyses29 and histopathological studies 
with glial and later neuronal  alterations30–32.

Whether this correlation is specific to minor depression as compared to major depression remains to be 
investigated. Some considerations may be drawn from other studies of cortical thickness and sBDNF. Cortical 
thinning was robustly detected in patients with first episode major depression in a large scale study of ENIGMA 
 consortium33, as well as smaller  studies34–36. In minor depression we did not observe these  effects37. Serum BDNF 
has been unchanged in first episode major  depression38 and in minor  depression4. One study has reported a 
positive correlation between sBDNF and hippocampal volume in first episode major depression in a region-of-
interest  analysis39.

Figure 2.  Subgroup analysis: Correlation of serum BDNF with cortical thickness and normalized cortical 
volume in subjects with or without history of depression. (A) Correlation of sBDNF with cortical thickness 
in subjects without history of depression; (B) Correlation of sBDNF with cortical thickness in subjects with 
history of depression; (C) Correlation of sBDNF with cortical volume normalized to total intracranial volume 
in subjects without history of depression; (D) Correlation of sBDNF with cortical volume normalized to total 
intracranial volume in subjects with history of depression; BDNF Brain-Derived Neurotrophic Factor, ACC  
anterior cingulate cortex, OFC orbitofrontal cortex, PCC posterior cingulate cortex. Figures were prepared in 
Blender 2.78 (https ://www.blend er.org/) using the Desikan-Killiani template (https ://brain der.org/resea rch/brain 
-for-blend er/).

https://www.blender.org/
https://brainder.org/research/brain-for-blender/
https://brainder.org/research/brain-for-blender/
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Region of Interest

Subjects with minor depression Healthy subjects Interaction analysis

Pearson’s correlation p-value
pFDR
0.05 Pearson’s correlation p-value

pFDR
0.05 Fisher’s z p-value

Left hemisphere

Banks of the superior 
temporal sulcus − 0.05 0.42 0.05 0.13 0.21 0.02 – –

Caudal anterior cingulate 
cortex 0.46 0.02 0.01 0.20 0.11 0.01 1.00 0.16

Caudal middle frontal 0.15 0.26 0.04 − 0.07 0.33 0.03 – –

Cuneus 0.25 0.14 0.03 − 0.14 0.19 0.02 – –

Entorhinal cortex 0.40 0.04 0.01 0.31 0.02 0.003 0.34 0.37

Frontal pole 0.21 0.19 0.03 0.24 0.06 0.01 – –

Fusiform gyrus 0.47 0.02 0.01 0.09 0.29 0.03 1.44 0.07

Inferior parietal gyrus 0.12 0.30 0.04 0.06 0.35 0.04 – –

Inferior temporal gyrus 0.17 0.23 0.04 0.16 0.16 0.02 – –

Insula 0.35 0.07 0.02 0.33 0.02 0.001 0.08 0.47

Isthmus cingulate cortex 0.21 0.19 0.03 0.08 0.32 0.03 – –

Lateral occipital sulcus − 0.11 0.33 0.05 0.07 0.33 0.04 – –

Lateral orbitofrontal 
cortex 0.30 0.10 0.02 0.16 0.16 0.01 – –

Lingual gyrus 0.19 0.21 0.03 − 0.25 0.06 0.01 – –

Medial orbitofrontal 
cortex 0.63 0.001 0.001 0.32 0.02 0.001 1.39 0.08

Middle temporal gyrus 0.13 0.29 0.04 0.12 0.24 0.03 – –

Paracentral gyrus − 0.23 0.16 0.03 − 0.09 0.29 0.03 – –

Parahippocampal gyrus 0.11 0.32 0.05 0.21 0.10 0.01 – –

Pars opercularis 0.27 0.12 0.02 − 0.07 0.33 0.04 – –

Pars orbitalis 0.15 0.27 0.04 0.13 0.20 0.02 – –

Pars triangularis 0.14 0.27 0.04 − 0.15 0.17 0.02 – –

Pericalcarine cortex 0.40 0.04 0.01 − 0.14 0.20 0.02 1.9 0.03

Postcentral gyrus 0.45 0.02 0.01 − 0.26 0.05 0.01 2.6 0.005

Posterior cingulate cortex 0.58 0.004 0.002 − 0.02 0.46 0.05 2.3 0.01

Precentral gyrus − 0.01 0.48 0.05 0.02 0.44 0.05 – –

Precuneus 0.57 0.004 0.003 − 0.11 0.25 0.03 2.57 0.005

Rostral anterior cingulate 
cortex 0.59 0.003 0.001 0.13 0.21 0.02 1.84 0.03

Rostral middle frontal 
cortex 0.26 0.13 0.03 0.11 0.24 0.03 – –

Superior frontal gyrus 0.09 0.36 0.05 0.05 0.37 0.04 – –

Superior parietal gyrus 0.17 0.23 0.04 − 0.06 0.35 0.04 – –

Superior temporal gyrus 0.29 0.10 0.02 0.09 0.28 0.03 – –

Supramarginal gyrus 0.28 0.11 0.02 − 0.12 0.23 0.03 – –

Temporal pole 0.18 0.22 0.03 0.24 0.07 0.01 – –

Transverse temporal gyrus 0.24 0.15 0.03 0.08 0.32 0.03 – –

Right hemisphere

Banks of the superior 
temporal sulcus − 0.16 0.25 0.04 0.19 0.12 0.01 – –

Caudal anterior cingulate − 0.19 0.21 0.03 0.07 0.33 0.04 – –

Caudal middle frontal 
cortex 0.28 0.12 0.02 − 0.02 0.46 0.05 – –

Cuneus 0.09 0.35 0.05 − 0.27 0.05 0.004 1.24 0.11

Entorhinal cortex − 0.16 0.25 0.04 0.16 0.16 0.01 – –

Frontal pole 0.24 0.15 0.03 − 0.03 0.42 0.05 – –

Fusiform gyrus 0.16 0.25 0.04 − 0.23 0.08 0.01 – –

Inferior parietal gyrus 0.14 0.28 0.04 0.06 0.35 0.04 – –

Inferior temporal gyrus 0.34 0.07 0.02 0.23 0.08 0.01 – –

Insula 0.30 0.10 0.02 0.14 0.19 0.02 – –

Isthmus cingulate cortex 0.42 0.03 0.01 − 0.02 0.45 0.05 1.6 0.05

Lateral occipital gyrus 0.37 0.05 0.01 0.05 0.37 0.04 1.15 0.12

Lateral orbitofrontal 
sulcus 0.38 0.05 0.01 0.12 0.23 0.03 0.95 0.17

Continued
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An earlier study, investigating the relation of sBDNF to cortical thickness in patients with recurrent major 
depression, did not show such a  correlation14. These patients had a recurrent severe (major) depressive disorder, 
which likely exhausted BDNF resources. Our previous meta-analysis investigating the effects of electro-convulsive 
therapy on BDNF in such patients showed no response of sBDNF to  therapy40. In patients with less severe depres-
sive disorder sBDNF responds much better to anti-depressive  treatment9. In line with this argument, our minor 
depression subtype analyses revealed that the correlation between sBDNF and cortical thickness was driven by 
subjects without a history of depression. In summary, a significant positive correlation between sBDNF and corti-
cal thickness might be only relevant in early depressive states and might indicate a compensatory mechanism, 
because it was neither detected in healthy controls nor in minor depressive states with a history of depression. 
With respect to healthy controls, we replicated previous  findings14.

Regions correlating with sBDNF in our study substantially overlapped with regional cortical thinning in 
MDD shown in a recent very powerful meta-analysis33. Here, the bilateral medial orbitofrontal cortex, fusiform 
gyrus, insula, rostral anterior and posterior cingulate cortex and, unilaterally, the left middle temporal gyrus, 
right inferior temporal gyrus, and right caudal anterior cingulate cortex were significantly thinner in the MDD 
group than in healthy controls. The obtained effect sizes for cortical thinning were relatively small in this meta-
analysis (Cohen’s d − 0.13 to 0.49)33. This suggests that large sample sizes are required for such studies.

We have shown here for the first time that in minor depression the correlation of sBDNF with cortical thick-
ness is significantly different from controls. The subtype analysis suggested that this correlation was mainly driven 
by subjects with first episode depression. These data provide insight into the early mechanisms of depression 
with a focus on neuroendocrine mechanisms, possibly indicating an early compensatory mechanism, similar 
to other  diseases41,42. Furthermore, it also shows that no universal positive correlation between brain measures 
and BDNF exists. Similarly, animal studies have shown that correlations between brain BDNF and sBDNF is 
very much region- and strain-specific40.

Whilst cortical thickness is a relatively straightforward measure, biological processes, reflected by sBDNF, are 
less understood. It has been long supposed that sBDNF reflects cortical and hippocampal secretion of  BDNF43,44. 
However, a recent study has shown that sBDNF is instead derived from  megakaryocytes45 and not from the brain. 
Therefore, mechanisms linking brain and serum BDNF are yet to be further examined.

Both cortical  thickness46 and  sBDNF9,47 are reduced in MDD. In our previous reports comparing subjects 
with minor depression, we found neither sBDNF  differences4 nor differences in cortical  measures37. The evidence 
we provide here is correlational and by no means causative. However, we might have observed an early sign of 

Table 3.  Correlation between normalized gray matter volume and serum BDNF in subjects with minor 
depression and healthy controls. BDNF brain derived neurotrophic factor, 1-tailed p values are reported, 
FDR p value is derived using the Benjamini–Hochberg procedure, Fisher’s z-test for interaction analysis 
was performed only for significant correlations. Regions significantly correlating with sBDNF at p = 0.05 are 
marked as bold.

Region of Interest

Subjects with minor depression Healthy subjects Interaction analysis

Pearson’s correlation p-value
pFDR
0.05 Pearson’s correlation p-value

pFDR
0.05 Fisher’s z p-value

Lingual gyrus 0.34 0.07 0.02 − 0.24 0.07 0.01 – –

Medial orbitofrontal 
cortex 0.50 0.01 0.004 − 0.05 0.38 0.04 2.03 0.02

Middle temporal gyrus 0.22 0.18 0.03 − 0.07 0.34 0.04 – –

Paracentral gyrus − 0.22 0.17 0.03 0.12 0.23 0.03 – –

Parahippocampal gyrus − 0.14 0.28 0.04 0.17 0.15 0.01 – –

Pars opercularis 0.31 0.09 0.02 0.01 0.47 0.05 – –

Pars orbitalis 0.39 0.04 0.01 0.11 0.25 0.03 1.03 0.15

Pars triangularis 0.26 0.14 0.03 0.15 0.19 0.02 – –

Pericalcarine cortex 0.40 0.04 0.01 − 0.04 0.40 0.04 1.59 0.06

Postcentral gyrus − 0.003 0.50 0.05 − 0.14 0.20 0.02 – –

Posterior cingulate cortex 0.34 0.07 0.02 0.06 0.35 0.04 – –

Precentral gyrus 0.48 0.02 0.01 0.07 0.34 0.04 1.55 0.06

Precuneus 0.36 0.06 0.02 − 0.06 0.36 0.04 – –

Rostral anterior cingulate 
cortex − 0.21 0.19 0.03 0.13 0.21 0.02 – –

Rostral middle frontal 
cortex 0.16 0.25 0.04 − 0.14 0.19 0.02 – –

Superior frontal gyrus 0.17 0.23 0.04 0.19 0.11 0.01 – –

Superior parietal gyrus 0.39 0.04 0.01 − 0.27 0.05 0.004 2.34 0.01

Superior temporal gyrus 0.42 0.03 0.01 − 0.09 0.29 0.03 – –

Supramarginal gyrus 0.55 0.01 0.004 − 0.15 0.18 0.02 2.6 0.004

Temporal pole 0.49 0.02 0.01 0.34 0.02 0.001 0.6 0.27

Transverse temporal gyrus 0.35 0.07 0.02 0.01 0.48 0.05 – –
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neurotrophic function in early subclinical depression, not yet visible on the biomarker or whole-brain level. This 
observation should be confirmed by future studies.

Limitations
Our study has a number of limitations. Firstly, due to the unexpectedly low prevalence of minor depression in 
our sample, which originated from a large population-based study with approximately 2,500 participants, our 
sample size was relatively small and we had to include subjects with and without a history of depression. Because 
our study is the first one in minor depression, an a priori power analysis was not feasible. A previous study inves-
tigating the correlation between sBDNF and hippocampal volumes in early major depression used a comparable 
sample size n = 2539, suggesting we had enough statistical power. To increase power, we matched our sample on a 
1:2 basis to healthy controls. Secondly, we did not have precise information on the duration of minor depressive 
state burden, which might be an additional parameter of interest for further analyses. Although the ELISA kits 
used for sBDNF quantification were not optimal according to a recent  publication48, these kits were purchased 
prior to this publication. We used a whole-brain approach guaranteeing data-driven statistics in both cortical 
thickness and volume. Although only a minority of results survived correction for multiple comparisons using 
the FDR procedure, we underlined validity of our findings by interaction analyses demonstrating specificity 
compared to healthy subjects. Future studies are necessary to prove our pilot findings in larger and preferably 
multi-centric cohorts. Finally, we did not use the voxel-wise estimation, because we wanted to make our data 
comparable to the recent meta-analysis by the ENIGMA consortium.

Summary
In this study, we observed a positive correlation between serum BDNF measurements and structural gray mat-
ter estimates in minor depression. The correlation between sBDNF and imaging parameters was region- and 
condition-dependent. These findings require verification in larger samples considering a-priori power estima-
tions and controlling for the duration of depression burden. Furthermore, our analysis suggests that cortical 
thickness is a more suitable structural parameter for biomarker studies than gray matter volume, at least in 
studies of depression.

Received: 6 March 2020; Accepted: 10 August 2020

References
 1. Polyakova, M. et al. Prevalence of minor depression in elderly persons with and without mild cognitive impairment: A systematic 

review. J. Affect. Disord. 152, 28–38 (2014).
 2. Lyness, J. M. et al. Outcomes of minor and subsyndromal depression among elderly patients in primary care settings. Ann. Intern. 

Med. 144(7), 496–504 (2006).
 3. Angst, J. The epidemiology of depressive disorders. Eur. Neuropsychopharmacol. 5, 95–98 (1995).
 4. Polyakova, M. et al. First evidence for glial pathology in late life minor depression: S100B is increased in males with minor depres-

sion. Front. Cell. Neurosci. 9, 2 (2015).
 5. APA. Diagnostic and Statistical Manual of Mental Disorders (APA, Washington, 2000).
 6. Duman, R. S. & Monteggia, L. M. A neurotrophic model for stress-related mood disorders. Biol. Psychiat. 59(12), 1116–1127 

(2006).
 7. Bjorkholm, C. & Monteggia, L. M. BDNF—a key transducer of antidepressant effects. Neuropharmacology 102, 72–79 (2016).
 8. Watanabe, K. et al. Effect of antidepressants on brain-derived neurotrophic factor (BDNF) release from platelets in the rats. Prog. 

Neuropsychopharmacol. Biol. Psychiatry 34(8), 1450–1454 (2010).
 9. Polyakova, M. et al. BDNF as a biomarker for successful treatment of mood disorders: A systematic & quantitative meta-analysis. 

J. Affect. Disord. 174, 432–440 (2015).
 10. Erickson, K. I. et al. Brain-derived neurotrophic factor is associated with age-related decline in hippocampal volume. J. Neurosci. 

30(15), 5368–5375 (2010).
 11. Rizos, E. N. et al. Association of serum BDNF levels with hippocampal volumes in first psychotic episode drug-naive schizophrenic 

patients. Schizophr. Res. 129(2–3), 201–204 (2011).
 12. Zugman, A. et al. Serum brain-derived neurotrophic factor and cortical thickness are differently related in patients with schizo-

phrenia and controls. Psychiatry Research-Neuroimaging 234(1), 84–89 (2015).
 13. van Velzen, L. S. et al. Effect of childhood maltreatment and brain-derived neurotrophic factor on brain morphology. Soc. Cognit. 

Affect. Neurosci. 11(11), 1841–1852 (2016).
 14. Na, K. S. et al. Brain-derived neurotrophic factor promoter methylation and cortical thickness in recurrent major depressive 

disorder. Sci. Rep. 6, 2 (2016).
 15. Rakic, P. The radial edifice of cortical architecture: From neuronal silhouettes to genetic engineering. Brain Res. Rev. 55(2), 204–219 

(2007).
 16. Panizzon, M. S. et al. Distinct genetic influences on cortical surface area and cortical thickness. Cereb. Cortex 19(11), 2728–2735 

(2009).
 17. Winkler, A. M. et al. Cortical thickness or grey matter volume? The importance of selecting the phenotype for imaging genetics 

studies. Neuroimage 53(3), 1135–1146 (2010).
 18. Loeffler, M. et al. The LIFE-Adult-Study: objectives and design of a population-based cohort study with 10,000 deeply phenotyped 

adults in Germany. BMC Public Health 15, 2 (2015).
 19. Dale, A. M., Fischl, B. & Sereno, M. I. Cortical surface-based analysis—I. Segmentation and surface reconstruction. Neuroimage 

9(2), 179–194 (1999).
 20. Fischl, B. et al. Whole brain segmentation: Automated labeling of neuroanatomical structures in the human brain. Neuron 33(3), 

341–355 (2002).
 21. Benjamini, Y. & Hochberg, Y. Controlling the false discovery rate—a practical and powerful approach to multiple testing. J. R. 

Stat. Soc. Ser. B Methodol. 57(1), 289–300 (1995).
 22. Groves, S. J. et al. Brain activation during processing of genuine facial emotion in depression: Preliminary findings. J. Affect. Disord. 

225, 91–96 (2018).



11

Vol.:(0123456789)

Scientific RepoRtS |        (2020) 10:14524  | https://doi.org/10.1038/s41598-020-71317-y

www.nature.com/scientificreports/

 23. Rakic, P. A small step for the cell, a giant leap for mankind—a hypothesis of neocortical expansion during evolution. Trends 
Neurosci. 18(9), 383–388 (1995).

 24. Giese, M. et al. Presence of diurnal pattern of serum BDNF before partial sleep deprivation is associated with therapy response in 
major depression. Eur. Neuropsychopharmacol. 22, S271–S272 (2012).

 25. Tirassa, P. et al. Daily serum and salivary BDNF levels correlate with morning-evening personality type in women and are affected 
by light therapy. Rivista Di Psichiatria 47(6), 527–534 (2012).

 26. Sabatinelli, D. et al. Emotional perception: Meta-analyses of face and natural scene processing. Neuroimage 54(3), 2524–2533 
(2011).

 27. Namkung, H., Kim, S. H. & Sawa, A. The insula: An underestimated brain area in clinical neuroscience, psychiatry, and neurology. 
Trends Neurosci. 40(4), 200–207 (2017).

 28. Erickson, K., Drevets, W. & Schulkin, J. Glucocorticoid regulation of diverse cognitive functions in normal and pathological 
emotional states. Neurosci. Biobehav. Rev. 27(3), 233–246 (2003).

 29. Sacher, J. et al. Mapping the depressed brain: A meta-analysis of structural and functional alterations in major depressive disorder. 
J. Affect. Disord. 140(2), 142–148 (2012).

 30. Schroeter, M. L., Sacher, J., Steiner, J., Schoenknecht, P. & Mueller, K. Serum S100B represents a new biomarker for mood disorders. 
Curr. Drug Targets 14(11), 1237–1248 (2013).

 31. Schroeter, M. L., Steiner, J. & Mueller, K. Glial pathology is modified by age in mood disorders—A systematic meta-analysis of 
serum S100B in vivo studies. J. Affect. Disord. 134(1–3), 32–38 (2011).

 32. Schroeter, M. L., Abdul-Khaliq, H., Krebs, M., Diefenbacher, A. & Blasig, I. E. Serum markers support disease-specific glial pathol-
ogy in major depression. J. Affect. Disord. 111(2–3), 271–280 (2008).

 33. Schmaal, L. et al. Cortical abnormalities in adults and adolescents with major depression based on brain scans from 20 cohorts 
worldwide in the ENIGMA Major Depressive Disorder Working Group. Mol. Psychiatry 22(6), 900–909 (2017).

 34. Han, K. M. et al. Cortical thickness, cortical and subcortical volume, and white matter integrity in patients with their first episode 
of major depression. J. Affect. Disord. 155, 42–48 (2014).

 35. Zhao, K. et al. Altered patterns of association between cortical thickness and subcortical volume in patients with first episode 
major depressive disorder: A structural MRI study. Psychiatry Res. Neuroimaging 260, 16–22 (2017).

 36. van Eijndhoven, P. et al. Paralimbic cortical thickness in first-episode depression: Evidence for trait-related differences in mood 
regulation. Am. J. Psychiatry 170(12), 1477–1486 (2013).

 37. Polyakova, M. et al. No changes in gray matter density or cortical thickness in late-life minor depression. J. Clin. Psychiatry 79, 2 
(2018).

 38. Skibinska, M. et al. Brain-derived neurotrophic factor (BDNF) serum level in women with first-episode depression, correlation 
with clinical and metabolic parameters. Nord. J. Psychiatry 72(3), 191–196 (2018).

 39. Eker, C. et al. Correlation of serum BDNF levels with hippocampal volumes in first episode, medication-free depressed patients. 
Eur. Arch. Psychiatry Clin. Neurosci. 260(7), 527–533 (2010).

 40. Polyakova, M. et al. Brain-derived neurotrophic factor and antidepressive effect of electroconvulsive therapy: Systematic review 
and meta-analyses of the preclinical and clinical literature. PLoS ONE 10, 11 (2015).

 41. Scalzo, P., Kummer, A., Bretas, T. L., Cardoso, F. & Teixeira, A. L. Serum levels of brain-derived neurotrophic factor correlate with 
motor impairment in Parkinson’s disease. J. Neurol. 257(4), 540–545 (2010).

 42. Rahmani, F. et al. Plasma levels of brain-derived neurotrophic factor in patients with Parkinson disease: A systematic review and 
meta-analysis. Brain Res. 1704, 127–136 (2019).

 43. Karege, F., Schwald, M. & Cisse, M. Postnatal developmental profile of brain-derived neurotrophic factor in rat brain and platelets. 
Neurosci. Lett. 328(3), 261–264 (2002).

 44. Fernandes, B. S., Berk, M., Turck, C. W., Steiner, J. & Goncalves, C. A. Decreased peripheral brain-derived neurotrophic factor 
levels are a biomarker of disease activity in major psychiatric disorders: A comparative meta-analysis. Mol. Psychiatry 2, 2 (2013).

 45. Chacon-Fernandez, P. et al. Brain-derived neurotrophic factor in megakaryocytes. J. Biol. Chem. 291(19), 9872–9881 (2016).
 46. Schmaal, L. et al. Cortical abnormalities in adults and adolescents with major depression based on brain scans from 20 cohorts 

worldwide in the ENIGMA Major Depressive Disorder Working Group. Mol. Psychiatry 2, 2 (2016).
 47. Molendijk, M. L. et al. Serum levels of brain-derived neurotrophic factor in major depressive disorder: State-trait issues, clinical 

features and pharmacological treatment. Mol. Psychiatry 16(11), 1088–1095 (2011).
 48. Polacchini, A. et al. A method for reproducible measurements of serum BDNF: Comparison of the performance of six commercial 

assays. Sci. Rep. 5, 2 (2015).

Acknowledgements
We thank all participants and the team at the LIFE study center, who made this study possible. This study was 
supported by LIFE—Leipzig Research Center for Civilization Diseases, Universität Leipzig. LIFE is funded by 
the European Union, the European Regional Development Fund (ERDF), and by the Free State of Saxony within 
the framework of the excellence initiative (project numbers 713-241202, 713-241202, 14505/2470, 14575/2470). 
MP acknowledges support from the International Max Planck Research School on Neuroscience of Communi-
cation: Function, Structure, and Plasticity (IMPRS NeuroCom) by the Max Planck Society. MLS was supported 
by the German Research Foundation (DFG; SCHR 774/5-1). MP, LL, and MLS were supported by the German 
Consortium for Frontotemporal Lobar Degeneration, which is funded by the German Federal Ministry of Edu-
cation and Research, by the Parkinson’s Disease Foundation (Grant No. PDF-IRG-1307), and the Michael J. Fox 
Foundation (Grant No. MJFF-11362). We also thank Prof. Anderson Winkler for sharing brain templates for 
blender under the Creative Commons Attribution-ShareAlike 3.0 Unported License at his blog https ://brain der.
org/resea rch/brain -for-blend er/.

Author contributions
M.P., M.L.S., K.M., P.S. designed the study, M.P. analyzed the data, M.P. and M.L.S. wrote the manuscript; C..S, 
F.R., S.R.H., J.K., A.V., V.W. contributed to data collection and laboratory measurements, F.B. and M.P. con-
tributed to data preprocessing, L.L., K.T.H. and white matter lesions assessment, all of the authors edited and 
reviewed the final version of the manuscript

funding
Open access funding provided by Projekt DEAL.

https://brainder.org/research/brain-for-blender/
https://brainder.org/research/brain-for-blender/


12

Vol:.(1234567890)

Scientific RepoRtS |        (2020) 10:14524  | https://doi.org/10.1038/s41598-020-71317-y

www.nature.com/scientificreports/

competing interests 
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https ://doi.org/10.1038/s4159 8-020-71317 -y.

Correspondence and requests for materials should be addressed to M.P.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

© The Author(s) 2020

https://doi.org/10.1038/s41598-020-71317-y
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Serum BDNF levels correlate with regional cortical thickness in minor depression: a pilot study
	Anchor 2
	Anchor 3
	Methods
	Subjects. 
	BDNF measurement. 
	Neuroimaging—measurement of gray matter volume & thickness. 
	Statistics. 

	Results
	Participants’ characteristics. 
	Cortical thickness. 
	Cortical volume. 
	Subgroup analysis. 

	Discussion
	Imaging phenotype matters—cortical thickness should be preferred to cortical volume in depression. 
	Correlation between serum BDNF and regional cortical thickness seems to be relevant in early minor depressive states. 

	Limitations
	Summary
	References
	Acknowledgements


