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 Major Depressive Disorder is associated 
with changes in a cluster of serum 

and urine biomarkers; implications for 
the development of a biomarker-based 

diagnostic test
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Abstract
Major Depressive Disorder (MDD) is a heterogenous disorder with a large symptomatic overlap 
with other psychiatric and somatic disorders. As a result, diagnosis may be complicated, 
particularly for the non-psychiatrist physician. This study aims at providing a practical clinical 
test to assist in the diagnosis of MDD by using a small set of serum and/or urine biomarkers. 
To this end, we analyzed urine and serum samples of 51 MDD patients and 51 age-, sex-, and 
ethnicity-matched controls for levels of 40 potential MDD biomarkers (21 serum biomarkers and 
19 urine biomarkers). We developed an algorithm to select biomarkers on the basis of differences 
in variation and distribution between groups, combine the outcome of the selected biomarkers, 
and calculate a depression probability score for clinical discrimination of depressed from euthymic 
subjects (the “bio depression score”). Based on this algorithm, 11 urine biomarkers and 6 serum 
biomarkers were selected that together reached an area under the curve (AUC) of 0.889 in ROC 
analysis. Inclusion of only urine biomarkers or only serum biomarkers resulted in an AUC of 0.859 
and 0.755 respectively. A phenotype permutation analysis showed a significant discrimination 
between MDD and control subjects for biomarkers in urine (P<0.001) and for the biomarkers in 
serum and urine combined (P<0.001), but not for serum biomarkers only (P=0.20). An internal 
cross-validation confirmed the predictive value of this set of biomarkers. Although awaiting 
confirmation in a separate cohort, these results are an important step towards the development 
of a biomarker-based depression test.
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3. MDD is associated with changes in a cluster of biomarkers

Introduction
Major depressive disorder (MDD), with a lifetime prevalence of around 15%, is a major cause of 
disability in the western world [1,2]. Diagnosis is currently based on symptomatic criteria. However, 
due to the heterogeneous nature of MDD and symptomatic overlap with other psychiatric and 
somatic disorders, diagnosis may be complicated [3]. Especially non-psychiatrist physicians may 
have difficulties recognizing MDD [4,5] and could benefit from diagnostic methods that can be 
used in addition to existing methods. This study describes the development of a biomarker-based 
test for depression that can be used by non-psychiatrist physicians as an easy and quick method 
to determine the likelihood and possibly also the diagnosis of MDD.

A biomarker is defined as “a characteristic that is objectively measured and evaluated as an 
indicator of normal biological processes, pathogenic processes, or pharmacologic responses to 
a therapeutic intervention” [6]. Thus, a biomarker test for MDD may aid the clinician in making a 
correct diagnosis or predicting treatment response. Several biomarkers have been suggested 
for MDD, including cytokines (e.g. TNFα, IL-1β), neurotrophic factors (e.g. BDNF, VEGF), and 
hormones (e.g. cortisol). However, none of these biomarkers reaches sufficient sensitivity and 
specificity on its own [3]. This may be in part due to the complicated pathophysiology underlying 
MDD. An increasing body of evidence indicates that the underlying neurobiology of MDD likely 
involves a complex interplay of genetic factors, dysregulation of the hypothalamic-pituitary- 
adrenal (HPA) axis and other endocrine parameters, and dysfunctions in the immune system and 
monoaminergic systems. Accordingly, single genetic, endocrinological, neurotransmitter-related 
or hormonal abnormalities are unlikely to discriminate patients with severe mood disorders from 
healthy people or patients with other psychiatric disorders. Possibly, a combination of biomarkers 
reflecting divergent dysfunctions in MDD might prove more successful [3].

In a novel method to discriminate between patients and controls, we eventually selected a 
subset of biomarkers, covering all important hypotheses of MDD pathophysiology: 1) the HPA-
axis hypothesis, 2) the monoamine hypothesis, 3) the immune-inflammation hypothesis, 4) the 
neurogenesis and neuroplasticity hypothesis, 5) the oxidative stress and endothelial dysfunction 
hypothesis and 6) the magnesium deficiency/ion binding hypothesis. For a description of the 
first four hypotheses and their relation to potential biomarkers for MDD, we refer to Jentsch et 
al. [3]. The role of oxidative stress and endothelial dysfunction in MDD is extensively reviewed 
by Maes and colleagues [7] and Halaris [8]. Serefko et al. [9] and Eby & Eby [10] have reviewed 
the potential association between MDD and magnesium deficiency. A summary of the scientific 
support for these hypotheses and a list of biomarkers included in this study that are related to 
these hypotheses are provided in Table 1.
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Table 1 (continues on next page). Hypotheses for the pathophysiology of Major Depressive Disorder.

 

 

 

 

 

 

 

Hypothesis Description Typical 
biomarkers 

HPA-axis / 
stress-
related 

There is a large body of evidence supporting an 
association between MDD and functional 
disturbances of the hypothalamus-pituitary-
adrenal (HPA) axis, the main stress system of 
the body [11-13]. 

Cortisol, 
aldosterone, 
NPY, 
pregnenolone, 
substance P 

Monoamine The monoamine hypothesis suggests that 
abnormalities of monoaminergic systems 
(serotonin, norepinephrine and dopamine) may 
be associated with MDD. This theory is 
supported by findings of impaired monoaminergic 
neurotransmission and decreased levels of  
monoamine neurotransmitters and their 
metabolites in brain tissue, cerebrospinal fluid, 
and blood of MDD patients [14-21]. 

NPY, 
substance P, 
BH4 

Immune-
inflammation 

The immune-inflammation hypothesis of 
depression is supported by evidence that MDD is 
associated with pro-inflammatory changes, 
including elevated levels of pro-inflammatory 
cytokines, decreased levels of anti-inflammatory 
cytokines and activation of microglia as well as 
peripheral immune cells. In addition, pro-
inflammatory cytokines have been shown to 
induce depression-like behavior in animals [22-
27]. 

TNF-R2, 
HVEM, 
lipocalin, 
calprotectin, 
substance P, 
vitamin D 
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Table 1 (continuation).

3. MDD is associated with changes in a cluster of biomarkers

Hypothesis Description Typical 
biomarkers 

Neurogenesis / 
neuroplasticity 

MRI studies have demonstrated 
decreased hippocampal volumes in MDD 
patients, suggesting decreased 
neurogenesis. In addition, expression of 
growth factors may be disturbed in 
depressed patients. Animal studies further 
support an association between 
decreased neurogenesis /neuroplasticity 
and depression-like behavior [28-30]. 

BDNF, VEGF, 
EGF, PEDF, 
Midkine, TNF-R2 

Oxidative 
stress 
/endothelial 
dysfunction 

Endothelial dysfunction results in an 
imbalance in the production of 
vasodilating and vasoconstricting 
substances and may be triggered by pro-
inflammatory cytokines. Endothelial 
dysfunction is believed to play an 
important role in the association between 
MDD and myocardial. Endothelial 
dysfunction may lead to oxidative stress, 
resulting in increased production of 
reactive oxygen species (ROS) and 
induction of inflammatory processes 
[7,8,31,32].  

Endothelin-1, 
adiponectin, 
thromboxane-
B2, Zonulin, 
nitrotyrosine, 
cAMP, cGMP, 
LTB4, Leptin, 
F2-isoprostane 

Magnesium 
metabolism / 
mineral 
homeostasis 

An increasing body of evidence implicates 
magnesium (Mg2+) deficiency in the 
pathophysiology of MDD (for review, see.  
Animal studies have demonstrated that 
magnesium malnutrition induces 
depressive-like behavior and anxiety. In 
addition, there are indications that 
magnesium supplementation can reduce 
symptoms of depression in rodents and 
humans [10,33-38]. 

Thromboxane-
B2, aldosterone, 
substance P, 
thromboxane-B2 
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A major problem in biomarker-based diagnostics is the fact that biomarker values are not 
normally distributed and distributions may be different in patients and healthy controls. When 
the distribution in patients and healthy controls differs in aspects other than the mean or median, 
difficulties arise for parametric and non-parametric testing. Examples in which regular parametric 
or non- parametric testing fails include a ceiling effect in one of the groups or differences in 
variance between groups not accompanied by differences in average. Variance information gets 
lost when not taking into account that each biomarker obeys different variance rules between 
cases and controls.

In this manuscript we perform an analysis that prevents these pitfalls. The tool is used to select 
those biomarkers that “behave” different between cases and controls without necessarily 
displaying a difference in average between both groups. It distinguishes the distributional tail 
behavior between cases and healthy controls. Subsequently, the best performing biomarkers were 
selected, and validity of this subset was tested. We describe an algorithm to select biomarkers, 
combine the outcome of the selected biomarkers, and calculate a depression probability score 
for clinical discrimination of depressed from euthymic subjects. The tool provides for each subject 
a biometric depression score, tentatively named BDS (Bio-Depression-Score). Aim of the study is 
to provide a practical clinical test to assist in the diagnosis of major depression by using a small 
set of serum and/or urine biomarkers.

Methods
Patients
MDD patients were recruited in cooperation with general practitioners, psychiatric clinics and 
through advertisements in local and national newspapers. Inclusion criteria included: age 18-65, 
fulfilled DSM-IV criteria for unipolar MDD, a HAM-D score higher than 10 and informed consent. 
Exclusion criteria included presence of another primary psychiatric disorder, alcohol or substance 
use disorders, inflammatory or systemic diseases, metabolic disorders or other disorders that 
might affect mood, and pregnancy. Patients with (n=30) and without (n=21) anti-depressive 
medication were included. Healthy controls (HC) were recruited via general practitioners and 
advertisements in local and national newspapers. Healthy controls had to be free of any major 
axis I diagnosis and were matched for gender, age and ethnicity.

The 17-item Hamilton Depression Rating Scale (HAM-D) was used to assess symptoms of 
depression. In addition, a Mini International Neuropsychiatric Interview (MINI) was conducted. A 
researcher who was trained in the use of these questionnaires executed all questionnaires, and 
the final MDD diagnosis was made by a psychiatrist.

Participants were asked to deliver 50 ml of blood through venipuncture as well as 50 ml of first 
morning urine. Blood was collected in serum separation tubes, allowed to clot and centrifuged at 
3000 x g for 10 minutes. Serum supernatant was divided into aliquots and stored at -80°C. Urine 
samples were centrifuged for 10 minutes at 1000 x g to precipitate any particles and cells; the 
supernatant was collected, divided into aliquots and stored at -80°C.
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ELISAs
ELISA kits were obtained from the following vendors: R&D systems Europe Ltd, Abingdon, 
United Kingdom (Cortisol, LTB4,Thromboxane, Endothelin-1, Substance P, c-AMP, and c-GMP); 
Ray Biotech Inc, Norcross, GA, USA (Leptin, EGF, Lipocalin, adiponectin, TNFalpha receptor 2 and 
HVEM); Sanbio B, Hycult biotech, Uden, The Netherlands (Calprotectin); Northwest Life Science 
Specialties, LLC, Vancouver, WA, USA (Isoprostane-2); Immundiagnostik GmbH, Bensheim, 
Germany (Zonulin);Cellmid Limited, Perth, Australia (Midkine); Diasource, Leuven, Belgium 
(Pregnenolone and vitamin D); Peninsula Laboratories, LLC, San Carlos, CA, USA (NPY); Promega 
Benelux BV, Leiden, The Netherlands (BDNF). LDN, Germany (Aldosterone); Hycult Biotech, USA  
(Nitrotyrosin).

All procedures were performed according to the manufacturer’s instructions making use of an 
ELISA plate washer PW40 (Sanofi Pasteur). Read-outs of the Microtiter plate were digitally saved. 
Data were analyzed by making use of standard curves of OD values obtained by the Microtiterplate 
reader (Multiscan EF type 35, ThermoScientific) against (log transformed) concentrations as 
provided by the individual manufacturers of the kits. Individually measured patient sample 
values were obtained by linear interpolation of the sample OD value and the OD values of the 
standard. From each serum and urine sample creatinin was tested and urine biomarker results 
were expressed relative to the creatinine content. Patients and controls were only included with 
serum creatinine concentration within the normal range (excluding renal dysfunction).

Table 2 (continues on next page). Biomarker selection in the pilot and case/control study. X: selected biomarkers.

3. MDD is associated with changes in a cluster of biomarkers

 

 
 
 

  
Biomarkers 
  

Biomarkers tested in 
2 x12 Pilot   2 x 51 Case/Control 

Serum Urine   Serum Urine 
Adiponectin X X   - X 
Aldosteron X X   X X 
Bcl-2 X X   - - 
BDNF X -   X - 
Beclin-1 X -   - - 
Bfgf X X   - - 
BH4 X X   - - 
Biopterin - X   - - 
Calprotectin X X   X X 
Calreticulin X X   - - 
CAMK2B X X   - - 
Camp X X   X X 
CCK X X   - - 
Cgmp X X   - X 
Cortisol - X   X X 
Digoxine X X   - - 
EGF X X   X X 
Endothelin X X   X X 
F2-Isoprostane X -   - - 
GABA X X   - - 
Galectin-8 X X   - - 
HVEM X X   X X 
IGF1 X X   - - 
IL-6 X X   - - 
Isoprostane - X   X X 
Leptin X X   X X 
Lipocalin X X   X X 
LOX1 X X   - - 
LTB4 X X   X X 
MBP X X   - - 
Midkine X X   X X 
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Biomarkers 
  

Biomarkers tested in 
2 x12 Pilot   2 x 51 Case/Control 
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Adiponectin X X   - X 
Aldosteron X X   X X 
Bcl-2 X X   - - 
BDNF X -   X - 
Beclin-1 X -   - - 
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Biopterin - X   - - 
Calprotectin X X   X X 
Calreticulin X X   - - 
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Cortisol - X   X X 
Digoxine X X   - - 
EGF X X   X X 
Endothelin X X   X X 
F2-Isoprostane X -   - - 
GABA X X   - - 
Galectin-8 X X   - - 
HVEM X X   X X 
IGF1 X X   - - 
IL-6 X X   - - 
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Biomarkers 
  

Biomarkers tested in 
2 x12 Pilot   2 x 51 Case/Control 

Serum Urine   Serum Urine 
Adiponectin X X   - X 
Aldosteron X X   X X 
Bcl-2 X X   - - 
BDNF X -   X - 
Beclin-1 X -   - - 
Bfgf X X   - - 
BH4 X X   - - 
Biopterin - X   - - 
Calprotectin X X   X X 
Calreticulin X X   - - 
CAMK2B X X   - - 
Camp X X   X X 
CCK X X   - - 
Cgmp X X   - X 
Cortisol - X   X X 
Digoxine X X   - - 
EGF X X   X X 
Endothelin X X   X X 
F2-Isoprostane X -   - - 
GABA X X   - - 
Galectin-8 X X   - - 
HVEM X X   X X 
IGF1 X X   - - 
IL-6 X X   - - 
Isoprostane - X   X X 
Leptin X X   X X 
Lipocalin X X   X X 
LOX1 X X   - - 
LTB4 X X   X X 
MBP X X   - - 
Midkine X X   X X 
 

 
 

 
Biomarkers 
 

Biomarkers tested in 

2 x12 Pilot 
 

2 x 51 Case/Control 

Serum Urine 
 

Serum Urine 
MMP-1 X -   - - 
Myeloperoxidase X X   - - 
Neopterin X X   - X 
Neuropeptide Y X X   X X 
NGF X X   - - 
Nitrotyrosine X X   X - 
PEDF X X   - - 
PLA2G7-PAF X -   - - 
Pregnenolon X X   X X 
Prostaglandin 
E2 X X   - - 
Substance P X X   X X 
Svegf X X   - - 
Thromboxane 
B2 X X   X X 
TNF-R2 X X   X X 
Vasopressin X X   - - 
VILIP X X   - - 
Vit-D X X   X - 
Zonulin X X   X - 
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1.

2.

Design of the study
A primary selection of biomarkers to be tested in serum and in first morning urine was based 
on a thorough literature search in combination with a pilot study in 24 participants (12 MDD 
patients and their sex, age and ethnic matched healthy controls). The included biomarkers in 
this pilot cohort and the selection for the follow-up cohort is provided in Table 2. The selected 
biomarkers were subsequently tested in a cohort of 51 MDD patients and 51 matched healthy 
controls. The results of this cohort were subsequently used for the design of an algorithm leading 
to the diagnostic score (BDS, see below) and statistical validation by permutation analysis. After 
elimination of non-contributing biomarkers the predictive value of the diagnostics score was 
investigated by 5-fold cross validation.

Descriptive analysis
Descriptive statistics were calculated for the demographic parameters to describe the population. 
Numerical variables were summarized with means and standard deviations, while categorical 
variables were summarized with counts and percentages. Differences between the MDD and HC 
group were determined with Mann-Whitney U test for numerical data and Pearson’s Chi- square 
test for categorical data. To determine median and variance differences in each biomarker for the 
MDD and HC group, the Mann-Whitney U test and Levene’s test on heterogeneity were applied, 
respectively. These analyses were all performed with SPSS statistical software, version 23.

Design of the algorithm to predict MDD
The first step describes the algorithm that combines the left and right tail measurements of 
multiple biomarkers into one single diagnostic score, the Bio Depression Score (BDS). In the 
second step, the performance measure for discrimination of the BDS is described together with 
permutation test to quantify the significance (p-value) of the discriminative power of the BDS in 
serum only, in urine only, and in serum and urine combined. In the third and final step, a cross 
validation is described to quantify the predictive value of the BDS for new samples.

Step 1: The Bio Depression Score
For the left and right tail of each biomarker separately, the dominance of the MDD and HC 
group is determined first:
 a. Left tail. MDD dominates if the 10th percentile of the MDD group lies left of the 10th 
  percentile of the HC group. HC dominates if the order of these 10th percentiles is  
 opposite. If the MDD-group dominates, the 1st (P1), 5th (P5) and 10th (P10) percentiles
 of the HC-distribution are used as cut-offs to form scores in the BDS and vice versa.
 b. Right tail. MDD dominates if the 90th percentile of the MDD group lies to the right of
 the 90th percentile of the HC group. HC dominates when this order is opposite. If the  
 MDD group dominates, the 90th (P90), 95th (P95) and 99th (P99) percentiles of the HC- 
 distribution are used as cut- offs to form scores in the BDS, and vice versa.
Based on the above cut-offs, the distribution of each biomarker is divided into 7 segments: 
values ≤P1; P1< values ≤P5; P5< values ≤P10; P10<values<P90; P90≤values<P95; 
P95≤values<P99; values ≥P99.

3. MDD is associated with changes in a cluster of biomarkers
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3.

4.

5.
6.

Each biomarker value is transformed into a score. Within the segment P10 to P90 the score will 
become zero (no contribution to disease prediction). In a MDD dominant tail the scores are 
assigned positive (+1, +2, +3) values, with higher numbers for segments further away in the 
tails. In a HC dominant tail the score is assigned negative (-1, -2, -3) scores, with lower values 
for segments further away in the tail.
Dominance alone is not enough. To include a tail for a biomarker, the left (or right) tail of the 
dominant group should be substantially further to the left (or right) than the non-dominant 
tail. For instance, criteria may define that the mass of the left (or right) tail of the dominant 
group should be at least 20% at the cut-off P10 (P90) of the non-dominant group. In addition, 
more than 15% of the dominant group should be left (right) of the cut-off P5 (P95). If one 
biomarker tail does not reach these two pre-set tail criteria, the BDS score for participants with 
biomarker values in these tails are set to zero. If both tails of a biomarker fail to satisfy these tail 
criteria, the biomarker does not contribute to disease prediction.
The above described algorithm is summarized in Table 3.
By application of the above algorithm each participant obtains per biomarker a score ranging 
from -3 to +3. The BDS for a participant is the sum of the scores for all biomarkers. Thus the 
BDS is the cumulative information from all incorporated biomarkers towards the presence or 
absence of MDD. A positive score indicates an increased likelihood of MDD, while a negative 
score indicates a decreased likelihood of MDD. The higher the score the more likely the disease 
is present and the lower the score the more likely the disease is not present.

Table 3. Summary of assigned normalizing values in all options

Step 2: Discrimination and significance.
Based on the BDS of the participants and the disease classification an area- under-the-curve 
(AUCReal) can be calculated. MedCalc Statistical Software version 16.8 is used for comparison of 
differences between the ROC curves of groups “serum only”, “urine only” and “serum plus urine”. 
The larger the AUCReal, the better the BDS discriminates between healthy and disease and the 

Dominance in tail Scores in the different segments 

 Left Right ≤P1 >P1 - 
≤P5 

>P5 - 
≤P10 

>P10 - 
<P90 

≥P90 - 
<P95 

≥P95 - 
<P99 ≥P99 

Both 
Tails 

HC MDD -3 -2 -1 0 1 2 3 
HC HC -3 -2 -1 0 -1 -2 -3 
MDD HC 3 2 1 0 -1 -2 -3 
MDD MDD 3 2 1 0 1 2 3 

One 
Tail 

HC -- -3 -2 -1 0 0 0 0 
-- HC 0 0 0 0 -1 -2 -3 
MDD -- 3 2 1 0 0 0 0 
-- MDD 0 0 0 0 1 2 3 

None -- -- 0 0 0 0 0 0 0 
 



510415-L-sub01-binnenwerk-van Buel510415-L-sub01-binnenwerk-van Buel510415-L-sub01-binnenwerk-van Buel510415-L-sub01-binnenwerk-van Buel
Processed on: 22-5-2017Processed on: 22-5-2017Processed on: 22-5-2017Processed on: 22-5-2017 PDF page: 63PDF page: 63PDF page: 63PDF page: 63

63  

more it contains real information for the diagnosis of MDD. The AUCReal is used to determine the 
optimal pre-set criteria for tail dominance mentioned in Step 1.4 above.

To determine the significance of the discrimination of BDS, ‘phenotype randomization’ was applied. 
Phenotype randomization or permutation consists of randomly redistributing the classification of 
MDD and HC over the original biomarker data: thus the biomarker data per participant are kept 
unchanged but MDD and HC are permuted at random. Subsequently, a BDSRandom is generated 
identically as described in Step 1 and the ROC analysis on BDSRandom results in an AUCRandom. 
Repeating this phenotype randomization 10000 times generates an AUCRandom frequency 
distribution of which many should be non-discriminative with respect to the disease classification 
since the relation between biomarker and disease is destroyed by many of the permutations. The 
p-value is now defined by the fraction of all AUCRandom permutations that are larger or beyond 
the AUCReal. A p-value below 0.05 indicates a significant discrimination of the BDS and the null 
hypothesis that the BDS does not discriminate should be rejected.

Step 3. Cross validation and prediction.
Discrimination does not necessarily provide good prediction of new samples. To determine the 
predictive value of the BDS a (five-fold) cross-validation was performed. The validation was done 
on the biomarkers that were included by the algorithm on the whole data. The 102 participant 
cohort was randomly divided into five parts (20, 20, 20, 20 and 22 participants) such that each 
part contains an equal number of MDDs and HCs. No attempt was made to match age, sex or 
ethnicity. Five separate sets were constructed: each contains 4 of the 5 parts for training and 1 of 
the 5 parts for validation and prediction. For each set separately, the participants in the ‘training 
part’ were used to determine the cut-offs for the percentiles P1, P5, P10, P90, P95 and P99 as 
described in Step 1, using the obtained predominance of biomarkers in the full data. Given these 
cut-offs, a BDS can then be calculated for participants in the validation part together with the 
ROC-curve for classification of the disease (MedCalc Statistical Software version 16.8 including 
binomial exact confidence interval for the AUC). To repeat this for each training set we obtain five 
sets of predicted AUC’s (for serum only, urine only, and serum and urine simultaneously). These 
results provide the predictive value of the BDS to classify MDDs from HCs.

Results
Demographic characteristics
Table 4 shows the demographic characteristics of the subjects that were
included in the 102 participant cohort. Subjects were matched for sex, age and ethnicity. Control 
subjects had an average HAM-D17 score of 2.7 (range 2-8), while MDD subjects had an average 
HAM-D17 score of 23.7 (range 11-43; p<0.0001).

Due to insufficient amount of serum or identification errors, certain ELISAs were excluded in a 
minority of participants: 2 biomarkers were tested in all participants, 11 biomarkers in all controls 
and 50 MDD patients, 5 biomarkers in all controls and 49 MDD patients, and 2 biomarkers in 50 
controls and 49 MDD patients.

3. MDD is associated with changes in a cluster of biomarkers
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    All 
participants 

Healthy 
Controls 

MDD Statistics 

Sex Male 51 22 22 Chi-square 
(2x2): P=0,84   Female 51 29 29 

Age (Yr) Mean 46,6 47,1 46,2 Mann-Whitney-
U:  

  SD 11,35 11,0 11,5 P=0,81 
Ethnicity Dutch 88 47 41 Chi-square:       

(7x2) P=0,19,            
for non-Dutch 
(2x2): P=0,15 

 Indonesian 4 2 2 
 Surinam 5 2 3 
 Maroc 2 0 2 
 Assyric 1 0 1 
 Brazil 1 0 1 
  Iraq 1 0 1 
HAMD17 mean  N.A. 2,7 23,7 p<0,0001 
  SD N.A. 1,1 8,4 
 

The results in serum are expressed as a concentration of the biomarker. The results in urine 
are expressed as the ratio of biomarker to creatinin level. This latter is obtained by dividing the 
concentration of the biomarker by the concentration of creatinin in urine. As a control for normal 
renal function, creatinin concentration was measured in serum as well and checked to remain 
within normal value ranges. Only those within normal serum creatinin range were included.

Table 4. Demographic characteristics.

Table 5 shows the Mann-Whitney U and Levene’s test for each biomarker tested in serum and in 
urine. The Mann-Whitney U test, a test for differences in medians, found only a significant difference 
for Aldosterone in urine and no differences in serum. The Levene’s test, a test for differences in 
variances, found significance for 6 biomarkers, 4 in serum (BDNF, Isoprostane, TNF-R2, Zonulin) 
and 2 in urine (LTB4 and Thromboxane).

Thus, the traditional (non-parametric) Mann-Whitney U test found only a small number of 
biomarkers that showed significant differences between MDD and healthy controls and thus 
limited information would be present to discriminate between these two groups, let alone to 
predict disease. The test for variability however indicates that there are possible differences in 
variance that may contribute to the BDS.

BDS and discrimination
The BDS was calculated for 3 groups. Group1 uses only the data of the 21 biomarker levels in 
serum. Group 2 uses only the data of the 19 biomarkers in urine. Group 3 uses all 40 biomarkers. 
The BDS was calculated according to the algorithm described in Step 1 of the Methods section. 
To investigate the pre-set criteria (Step 1.4) for the dominant group with respect to the non- 
dominant group for exclusion of non-performing biomarker tails, the effect of varying the criteria 
for P10/P90 and P5/P95 from 0% to 40% was investigated in Group 3 (Serum + Urine).



510415-L-sub01-binnenwerk-van Buel510415-L-sub01-binnenwerk-van Buel510415-L-sub01-binnenwerk-van Buel510415-L-sub01-binnenwerk-van Buel
Processed on: 22-5-2017Processed on: 22-5-2017Processed on: 22-5-2017Processed on: 22-5-2017 PDF page: 65PDF page: 65PDF page: 65PDF page: 65

65  

  P-value  

Biomarkers 
Serum   Urine 
Mann-
Whitney 
U test 

Levene’s  
test  

Mann-
Whitney  
U test 

Levene’s 
test 

Adiponectin - -  0.199 0.435 
Aldosterone 0.435 0.501   0.019* 0.720 
BDNF 0.595  0.032*  - - 
Calprotectin 0.147 0.170  0.420 0.640 
cAMP 0.795 0.137  0.708 0.197 
cGMP - -  0.799 0.451 
Cortisol 0.169 0.094  0.748 0.052 
EGF 0.231 0.455  0.392 0.720 
Endothelin 0.261 0.098  0.512 0.208 
HVEM 0.377 0.759  0.357 0.178 
Isoprostane 0.658  0.008*  0.284 0.984 
Leptin 0.669 0.223  0.630 0.809 
Lipocalin 0.413 0.550  0.239 0.256 
LTB4 0.651 0.711  0.928  0.016* 
Midkine 0.312 0.992  0.088 0.356 
Nitrotyrosin 0.408 0.015  - - 
NPY 0.558 0.782  0.939 0.870 
Pregnenolone - -  0.846 0.392 
Substance P 0.209 0.953  0.139 0.132 
Telomerase 0.183 0.301  - - 
Thromboxane B2 0.081 0.666  0.254  0.011* 
TNF R2 0.548  0.001* 

 
0.531 0.157 

Vitamin D 0.962 0.127 
 

- - 
Zonulin 0.946  0.015* 

 
- - 

 

Putting no requirements on the percentiles, just the dominance classification, the AUC becomes 
0.875 without exclusion of any biomarker; Assuming that the mass of the dominant group is at 
40% for the P10 and P90, the AUC becomes 0.500 and all biomarkers are excluded. Putting the 
mass at 20% for the dominant group at P10 and P90 and the mass at 15% at the P5 and P95, the 
AUC is maximal (AUCReal=0.889). These latter tail criteria exclude 23 biomarkers and include 17 
biomarkers (6 in serum (AUCReal=0.755) and 11 in Urine (AUCReal=0.859)) to form the BDS. The 
included serum biomarkers are

Table 5. Mann-Whitney U test and Levene’s test results of the 2x51 cohort. * Biomarkers with a p<0,05.

3. MDD is associated with changes in a cluster of biomarkers
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TNF-R2, Cortisol, Calprotectin, Thromboxane, Endothelin and Leptin. The included urine biomarkers 
are cGMP, LN Calprotectin, Leptin, LTB4, Cortisol, Thromboxane, Isoprostane, Aldosterone, HVEM, 
Midkine and Substance P. Figure 1 visualizes the effect of different exclusion criteria on the AUC 
and the number of contributing biomarkers in the “serum + urine” group. The pre-set criteria of 
20% (for P10/P90) and 15% (for P5/P95) are now fixed throughout further analysis.

Figure 1. Effect of exclusion criteria on AUC and number of included biomarkers in the combined group Serum plus 
Urine. Each point at a p10/p90 exclusion percentage represents the corresponding p5/p95 exclusion condition.

The phenotype permutation analysis shows a significant BDS discrimination for biomarkers in 
urine (P<0.001) and for biomarkers in serum and urine together (P<0.001), but not for serum 
only (P=0.20). The frequency distributions of the AUCRandom, with the AUCReal are visualized for 
serum, urine, and urine and serum respectively in Figures 2A-C.

The ROC curves are visualized in Figure 3. Comparing ROC curves ‘Serum’ versus ‘Urine‘: P=0.04; 
‘Serum‘ versus ‘Serum plus Urine‘: P=0.0003; ‘Urine‘ versus ‘Serum plus Urine‘ p=0.21.
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Figure 2. Results of phenotype randomization using the exclusion criteria: for P10, P90: 20% and for P5, P95:15%. 
The position of AUCReal is given. Figure 2A. The 21 Serum biomarkers, histogram of AUCRandom based on 10007 
permutations (mean = 0.710; SD = 0.052, fraction right of AUCReal= 19,8%, p-value=0.198); Figure 2B. The 19 Urine 
biomarkers histogram of AUCRandom based on 10001 permutations (mean = 0.713; SD =0.051, fraction right of 
AUCReal= 0.02%, P=0.0002); Figure 2C. The combined 40 Serum plus Urine biomarkers histogram of AUCRandom 
based on 10023 permutations (mean = 0.792; SD = 0.042 fraction right of AUCReal= 0.54%, P=0.005).

3. MDD is associated with changes in a cluster of biomarkers



510415-L-sub01-binnenwerk-van Buel510415-L-sub01-binnenwerk-van Buel510415-L-sub01-binnenwerk-van Buel510415-L-sub01-binnenwerk-van Buel
Processed on: 22-5-2017Processed on: 22-5-2017Processed on: 22-5-2017Processed on: 22-5-2017 PDF page: 68PDF page: 68PDF page: 68PDF page: 68

 68  

0 

20 

40 

60 

80 

100 

0 20 40 60 80 100 
100-Specificity 

BDS_Serum 
BDS_Urine 
BDS_Urine_Serum 

S
en

si
tiv

ity
 

Figure 3. ROC curves of the Bio Depression Score obtained for serum biomarkers, urine biomarkers, and serum plus 
urine biomarkers combined (at the pre-set criteria 20% and 15%) using all 102 participants. See text for AUC values.

Five-fold cross validation
By applying the 20%-15% exclusion criteria, the remaining 6 serum and 11 urine biomarkers, 
their contributing tails and dominances are fixed. Per training- validation set, the percentile cut-
off values in the training subset are determined and applied to the validation subset, leading to 
predicted AUC-values (Table 6).

The mean AUC of the ROC curves is lowest for the serum Biomarkers, followed by the urine 
biomarkers and highest in the combined serum plus urine biomarkers. Concommittantly, the 
confidence intervals in AUC values of ROC curves in the Validation parts range from 0,418 to 
0,988 for serum biomarkers, from 0,488 to 0,995 for urine biomarkers, and from 0,569-0,995 for 
serum plus urine biomarkers. The lowest value is found in serum, followed by Urine and highest 
in the combination serum plus urine. These predicted results fit with the overall result presented 
in Figure 1.
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Serum:  
6 BMs 

Urine:  
11 BMs 

Serum + urine:  
17 BMs 

AUC 95% CI AUC 95% CI AUC 95% CI 

V1 0,660 0,418 - 0,853 0,860 0,633 - 0,972 0,805 0,569 - 0,945 

V2 0,905 0,696 - 0,988 0,795 0,558 - 0,940 0,840 0,609 - 0,963 

V3 0,907 0,677 - 0,992 0,730 0,488 - 0,901 0,870 0,645 - 0,977 

V4 0,731 0,502 - 0,859 0,845 0,615 - 0,966 0,895 0,677 - 0,986 

V5 0,777 0,551 - 0,924 0,930 0,736 - 0,995 0,930 0,736 - 0,995 

Mean 
AUC 0,796 

 
0,832 

 
0,868   

 

Table 6. Results of five-fold cross validaton expressed in the AUC’s of the Validation sub sets. V1, V2, V3, V4, V5: the 
Validation subset in the 1st , 2nd, 3rd, 4th and 5th cross-validation experiment. CI: Confidence interval. BM: biomarker.
  

Discussion
Diagnosis of MDD may be complicated, especially for non-psychiatrist physicians [4,5]. The aim 
of this study was to develop a diagnostic biomarker- based test that can aid the physician in 
diagnosing depression. Based on literature research, early pilot studies and removal of non-
contributing biomarkers, we eventually selected 6 serum and 11 urine biomarkers that together 
can discriminate with high efficiency MDD patients from healthy control subjects, as reflected by 
an AUC of 0.889 in ROC analysis. Biomarkers in serum appeared less efficient than those in urine. 
The overall results in serum plus urine were comparable to those in urine only.

To translate the BDS value into clinically applicable results, two routes can be followed. First, a 
BDS cut-off value can be chosen (to be derived from the AUC- curve), which results in an overall 
sensitivity / specificity value (for example, from Fig 1. In the serum plus urine AUC-curve at a 
specificity of 80% a sensitivity of 82% is found). Consequently each individual can be assigned 
positive or negative. Second, using the AUC characteristic, the BDS value can be translated into 
a ‘chance’ of having MDD: values at the horizontal part of the AUC curve have a practically 0% 
chance of being depressed, whereas values on the vertical part of the curve have a practically 
100% chance of being depressed. Values in between have chances ranging gradually from 
0-100%.

The advantage of the first approach is simplicity, whereas the advantage of the second approach 
is the higher precision of diagnosis.

So far, only a handful of studies have combined results of multiple biomarkers into one single 
diagnostic test [39-44]. A main advantage of the approach used in this study as compared to 
other depression-related biomarker studies is that we were the first to use a method that includes 
differences in variation and distribution between MDD and control groups, thus optimizing the 

3. MDD is associated with changes in a cluster of biomarkers
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use of available data. We show that this method is successful in determining a panel of biomarkers 
that can separate between MDD patients and controls. The results obtained in this study suggest 
that this method shows promise for the identification of biomarker panels for other disorders as 
well.

Furthermore, with the exception of Zheng et al. [44], most studies that have investigated 
biomarkers for depression focus on serum biomarkers. We however have chosen to investigate 
biomarker levels in both serum and morning urine in this study, and we have shown an overall 
superior effect of urine biomarkers compared to serum biomarkers. One of the reasons for this 
might be that serum levels may show a large variation over the day, limiting their potential clinical 
use. Biomarker levels in first morning urine may in such cases give more consistent results. The 
use of urine biomarkers has several advantages over the use of serum biomarkers. It is relatively 
easy to test for proteins in urine, as urine is relatively protein-poor and thus the chance of cross-
reactivity is smaller than in serum. In addition, urine is easy to collect and does not require the use 
of invasive techniques.

Of the previously performed studies investigating combinations of biomarkers for depression, 
the most consistent results have been obtained by Papakostas et al. [42] and Bilello et al. [43]. 
Papakostas and colleagues show that a previously identified panel of 9 biomarkers, the results of 
which were combined into an “MDD score”, can diagnose depression with a sensitivity of >90% 
and a specificity of >80% [42]. These results have been validated in a separate cohort, with the 
addition of two additional factors to the algorithm calculating the MDD score: gender and body 
mass index (BMI) [43]. This study found a sensitivity of 93%-96% and a specificity of 86%-95%.

Together with these studies, our study demonstrates that the use of biomarker panels is a 
promising method to increase sensitivity and specificity of biomarker-based tests for depression. 
Combinations of biomarkers from different “hypotheses” may better represent the heterogenic 
pathophysiology of depression, and may therefore better reflect disease state [3].

However, several limitations should be kept in mind. Although the phenotype permutation 
analysis has shown that the resulting AUC cannot be explained by “overfitting” and the 5-fold 
cross validation has shown that the results have predictive potency, these results should still 
be confirmed in a separate and independent cohort of subjects. Second, although this study 
indicates that this panel of biomarkers can successfully discriminate between MDD subjects and 
healthy controls, a second clinically relevant question whether it can also discriminate between 
MDD and other psychiatric or somatic disorders remains to be answered (MDD specificity). Third, 
in order to increase cost-effectiveness of this biomarker test to an acceptable level, the number of 
biomarkers may be reduced, and ideally the final panel should consist of only urine or only serum 
biomarkers. Fourth, 30 of the 51 patients in this study were on antidepressant medication, which 
might have influenced levels of certain biomarkers. In this study, the clinical presentation as judged 
by the Hamilton score was taken as reference, without taking into account antidepressant use. 
Despite these limitations, this study is a promising step towards the development of a biomarker-
based diagnostic test for depression.
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In addition to diagnosis, biomarkers could potentially be used for the identification of those at risk 
for developing MDD, the prediction of treatment response and the identification of MDD subtypes. 
The value of our biomarker panel with regard to these applications needs to be determined 
in future studies. As this panel contains biomarkers related to important pathophysiological 
mechanisms related to certain MDD subtypes [45-49] it is a promising perspective that MDD 
subtypes could be identified based on the patient’s specific biomarker scores.

Conclusion
We have demonstrated that a panel of biomarkers measured in serum and urine, related to 
different aspects of MDD pathophysiology, can reliably distinguish MDD subjects from healthy 
control subjects. Although future research is needed to confirm this result in a separate group of 
subjects and to optimize the biomarkers included into this panel, this study may be a first step 
towards the production of a biomarker-based test for depression that can be used in a clinical 
setting. Particularly non-psychiatric physicians, such as general practitioners, could benefit from 
such a test.

 

3. MDD is associated with changes in a cluster of biomarkers
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