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Abstract

Depression affects 7% of the elderly population, and it often remains misdiagnosed or untreated. Peripheral biomarkers
might aid clinicians by allowing more accurate and well-timed recognition of the disease. We sought to determine if plasma
protein levels predict the severity of depressive symptomatology or distinguish patients from healthy individuals. The
severity of depressive symptoms and global cognitive functioning were assessed by the Geriatric Depression Scale (GDS)
and Mini-Mental State Examination (MMSE) in 152 elderly subjects, 76 of which with major depressive disorder (MDD).
Plasma levels of 24 proteins were measured by multiplexing and analyzed as continuous predictors or dichotomized using
the median value. The association between individual plasma proteins and MDD risk or depressive symptoms severity was
investigated using multiple logistic and linear regressions including relevant covariates. Sensitivity analyses were performed
excluding cognitively impaired individuals or non-acute patients with MDD. After adjusting for possible confounders and
false discovery rate (FDR) correction, we found lower Fetuin-A levels in MDD patients vs. controls (pgpg = 1.95x 107°).
This result was confirmed by the sensitivity and dichotomized analyses. Lower prolactin (PRL) levels predicted more severe
depressive symptoms in acute MDD patients (pppr =0.024). Fetuin-A is a promising biomarker of MDD in the elderly as
this protein was negatively associated with the disorder in our sample, regardless of the global cognitive functioning. Lower
PRL levels may be a peripheral signature of impaired neuroprotective processes and serotoninergic neurotransmission in
more severely depressed patients.
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Introduction

The world population aged over 60 is rapidly growing, and
it is expected to more than double within the next 30 years
[1]. Greater attention to the mental health of elderly people
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will be necessary, as psychiatric morbidity is bidirectionally
linked with worse physical health and with higher mortality
rates [2, 3].

Depression affects 7% of the general elderly population,
and two-thirds of elderly depressed patients remain untreated
[4-6]. Among the existing aetiopathogenic hypotheses, some
authors have suggested a contribution of vascular pathology
and aging-related neurodegeneration, as well as metabolic
and immune-inflammatory mechanisms to late-life depres-
sion [7].

The diagnosis of major depressive disorder (MDD) is cur-
rently based on standardized clinical criteria, and no objec-
tive biomarker is available to assist diagnosis, prognosis
formulation, or disease monitoring. Discovery and valida-
tion of peripheral biomarkers for depression would reduce
the misdiagnosis rate and the time before an adequate treat-
ment is prescribed. It could also enhance precision medicine,
providing criteria to monitor antidepressant response. Prot-
eomics studies might also confirm the existing pathogenetic
hypotheses, suggest new pathogenetic pathways, or lead to
the discovery of new pharmacologic targets.

Peripheral blood is a more accessible tissue to derive
useful information for clinical practice compared to other
tissues such as cerebrospinal fluid. Altered levels of circu-
lating proteins may not directly reflect pathogenic processes
within the CNS, but they may be the result of bidirectional
cross-talks between the brain and the periphery through the
neuroendocrine and immune system [8]. This interaction
may be facilitated by blood-brain barrier dysfunction, which
results in increased permeability to inflammatory mediators
in MDD [9]. Proteins may be good biomarkers, also because
they are biologically more proximal to the disease pheno-
type, and they allow to study the ultimate product deriving
from the stratification of environmental variables, as well
as genetic, epigenetic, and post-transcriptional/translational
modifications. To date, however, the identification of cost-
effective biomarker panels with good diagnostic perfor-
mance is still an arduous and ambitious challenge, mostly
due to the heterogeneous nature of depression and its com-
plex etiology [7, 10].

Over the years, a broad range of circulating polypep-
tides has been collectively tested as peripheral biomarkers
of MDD [11-13]. Proteomics studies identified analytes
belonging to cellular communication and signal transduc-
tion processes, immune response, and coagulation cascade
as associated with MDD [11, 12], while analytes involved in
endocrine function, synaptic plasticity, or angiogenesis were
associated with late-life depression [13].

These results and the known biologically dysfunctions
involved in MDD pathogenesis may serve as starting point
for further studies. Among the strongest findings in the lit-
erature, immune-inflammatory mechanisms were repeatedly
associated with MDD and may partially mediate the link
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between cardiovascular disease (CVD) and depression [7,
14]. Among others, CTNF (ciliary neurotrophic factor) and
Fetuin-A are biomarkers of processes related to inflamma-
tion [15], such as macrophage chemoattraction and polariza-
tion to a pro-inflammatory M1 subtype [16], and they have
been associated with depression [17-21]. Other potential
biomarkers have endocrine activity, such as adipokines, pro-
duced by the adipose tissue, or adenohypophyseal hormones.
For example, prolactin (PRL) is a pituitary hormone which
participates in neurogenesis and neuroprotection within the
CNS [22], and its secretion is modulated by the serotonin-
ergic system which is notoriously impaired in depression
[23]. The hypothalamic—pituitary—adrenal axis (HPA) was
demonstrated to be hyperactive in MDD, and gonadotropins
may influence monoamine release and consequently mood
and behavior [24, 25]. The gonadotropin FSH (follicle-stim-
ulating hormone) was repeatedly associated with depression,
especially in women [26, 27]. Adipokines also impact on
neurotransmission pathways, and they may modulate the
HPA axis function, resulting in anti-depressive effects [14,
28, 29]. Other polypeptides may be investigated as they act
as neurotrophic factors [e.g., brain-derived neurotrophic fac-
tor (BDNF)] or have a role in neurodevelopment or synaptic
plasticity, processes which have previously been implicated
in MDD [14, 30, 31]. Multiple evidence also suggests a role
of the fibrinolytic system in depression, which takes part
in the proteolytic activation of pro-BDNF [32]. Plasmino-
gen activator inhibitor-1 (PAI-1) is the primary regulator of
fibrinolysis in humans, and genetic polymorphisms in PAI-1
gene were associated with MDD susceptibility, as well as
with antidepressant response [33].

Given the potential role of the described groups of pro-
teins in MDD, this study aimed to determine if individual
plasma protein levels were associated with: (1) MDD diag-
nosis in an elderly sample; (2) the severity of depressive
symptoms in elderly patients with MDD.

Methods
Study population

All the subjects included in our analyses were part of
the Ansan Geriatric (AGE) study. AGE was a prospective
population-based cohort study aiming to collect wide-
ranging information on the global health status of non-
institutionalized civilians aged 60—-84 years in Ansan-si
(metropolitan area of Seoul), South Korea. The study
protocol has been described elsewhere [34, 35]. The
baseline sample was constituted by 2767 subjects, after
the exclusion of individuals who supplied incomplete
information or were not eligible for a probability sample
proportional to the gender- and age-specific structure of
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the target population. From September 2004 to March
2006, 1391 individuals were randomly selected to take
part in the first wave of the study. Of the 1391 partici-
pants, 777 were assessed for psychiatric disorders by the
Korean version of the Mini-International Neuropsychi-
atric Interview (MINI) [36]. A consensus meeting of a
psychologist, a psychiatrist, and a neurologist derived the
final diagnosis of MDD. As a result, 124 depressed and
653 non-depressed individuals were identified. Among
them, 76 patients with MDD and 76 healthy controls
(HCs) were selected by random sampling to be included
in the present study. This sample size was considered to
have enough power (0.80) to detect a Cohen’s d=0.46 at
a level =0.05 for testing between-group differences of
continuous plasma protein concentrations.

In our sample, all the patients with MDD had a symp-
tom onset after 60 years of age, and only 6 out of 76 MDD
patients were on antidepressant treatment at the time of
blood sampling. Indeed, subjects were not collected in
a clinical trial setting but based on a community-based
cohort study design [34]. Socio-demographic and clini-
cally relevant data, including any history of medical dis-
eases as well as the current use of antidepressant and
anti-inflammatory drugs, were collected at the baseline.

All participants provided written informed consent.
The study protocol was approved by the institutional
review boards of the Catholic University of Korea
Bucheon St. Mary’s Hospital (HC14EIS10040) and Korea
University Ansan Hospital (2017AS0182).

Evaluation of depressive symptom severity
and global cognition

Depressive symptom severity was assessed by the Korean
version of the 30-item Geriatric Depression Scale (GDS-
K), a self-rating scale which has shown optimal psycho-
metric performances in older adults. GDS items explore
the cognitive and affective domains of depression, exclud-
ing any somatic symptom, which might be misleading in
the elderly [37, 38].

The Korean version of the Mini-Mental State Examina-
tion (MMSE-KC) was used to evaluate the overall cogni-
tive functioning, and scores were adjusted for education
and age [39, 40]. MMSE-KC is composed of 20 items,
which evaluate orientation, registration, attention/calcu-
lation, language/praxis, and recall. Lower scores (rang-
ing from O to 30) indicate worse performance [40]. An
adjusted score of 25 (indicating normal) showed a sen-
sitivity of 0.97 (95% CI 0.83-1.00) for the detection of
dementia in community-dwelling elderly individuals [41].

Plasma protein level measurement

Plasma samples were analyzed using a multiplex
Luminex®-based technology. Additional details about the
measurement techniques are available in the Supplemen-
tary information—paragraph 1. The full list of the meas-
ured plasma proteins and the corresponding acronyms are
reported in Table S1, along with references related to the
previous evidence supporting their involvement in the eti-
opathogenetic mechanisms of MDD or depressive pheno-
types. All the concentration values were log,, transformed
to make them fit a Gaussian distribution.

The measured analytes were chosen based on the pre-
vious literature evidence of a biological relationship with
processes or pathways known to be directly or indirectly
implicated in MDD pathogenesis.

Statistical analysis

As a primary outcome, continuous protein concentration val-
ues were used to test any difference between MDD patients
and HCs and to predict the severity of depressive symptoms
in MDD.

As a secondary outcome, dichotomised protein concen-
trations were used to perform the same analyses. We used
a median split procedure to divide the distribution of data
into two categories (i.e., low and high concentration) of
equal size. Given our sample size, this allowed us to avoid
skewness problems, as well as the creation of very small
subgroups that would reduce power. Although dichotomized
regressors may provide lower power than continuous ones,
it is possible that biological effects do not follow a linear
variation and differences may be seen only for those having
the highest values.

Outliers were manually detected and removed by deleting
plasma protein values that fell outside 3 SD (standard devia-
tions) from the mean and at least 1 SD from the distribution
tails. This led to the exclusion of just 0.3% of the measured
protein concentrations.

At first, between-group differences were evaluated by
Student’s ¢ test, Chi-square test, and Fisher’s exact test as
appropriate. Linear and logistic regressions were applied
afterwards to test the previously described hypotheses.
For each tested linear regression model, scatter diagrams
of observed residuals and normal probability plots were
inspected to avoid violations of the assumptions. The sig-
nificance of logistic regression models was assessed by the
Z statistics, and the case/control (MDD/healthy) status was
included as the binary dependent variable. Age, gender,
BMI, smoking attitude, alcohol consumption, use of anti-
depressants, and NSAIDs (non-steroidal anti-inflammatory
drugs) were included as covariates in the linear and logistic
regressions according to the previous literature evidence
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[11, 12, 42-45]. We also included MMSE scores among
the covariates, because it was significantly different between
HCs and MDD patients in our sample, but we did not include
hypertension and cardiac diseases, because they did not dif-
fer between MDD patients and HCs, as well as they were not
associated with plasma proteins in our sample. Nonetheless,
use of antidepressants was included as a confounder in the
linear but not in the logistic regression models because of
a complete separation issue, which arises when a response
variable is perfectly predicted by an independent variable.
It was precisely due to the presence of only six individu-
als treated with antidepressants in our sample, all of whom
belonged to the MDD patient subgroup, as expected.

We also performed two sensitivity analyses: (1) cogni-
tively impaired subjects (MMSE-KC adjusted scores < 25)
were excluded; (2) non-acute or sub-threshold MDD patients
(GDS-K scores < 11) were excluded from the MDD sub-
sample. Indeed, these subjects might represent a source of
bias when the associations of plasma protein concentra-
tions with MDD risk or depressive symptom severity were
tested. Indeed, GDS may perform worse in individuals with
impaired cognitive function [46], and plasma protein con-
centrations may vary depending on the acute or non-acute
phase of depression [47].

All the analyses were performed using STATISTICA ver-
sion 12 (StatSoft Inc., 2014—www.statsoft.com). The adap-
tive linear step-up procedures were applied to correct for
multiple testing the levels of significance at the maximum
acceptable false discovery rate (FDR) set at (¢=0.05 [48].

Results

Socio-demographic and clinical characteristics
of the sample

A total of 152 participants were included in the study, 76
in the control group and 76 in the depressed group. The
detailed socio-demographic and clinical characteristics of
the study sample are reported in the Supplementary informa-
tion—paragraph 2 and Table S2.

Comparison between patients with MDD
and healthy individuals

All the 24 measured plasma proteins had > 80% of detected
values in our sample (details are in Table S3). In univari-
ate analyses, several plasma proteins showed higher mean
values in MDD: FSH, NCAM (neural cell adhesion mol-
ecule), NGAL (neutrophil gelatinase-associated lipocalin),
and sICAM-1 (soluble intercellular adhesion molecule-1),
but only FSH remained significant after FDR correction.
Conversely, BDNF (Brain-derived neurotrophic factor),
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Fetuin-A, and PAI-1 (Plasminogen activator inhibitor-1)
showed lower mean values in MDD patients; only Fetuin-
A and PAI-1 remained significant after FDR correction
(Table S4a). For BDNF, FSH, NCAM, and NGAL, the sig-
nificance was exclusively driven by differences between HCs
and patients in the acute phase of MDD, whereas for Fetuin-
A, PAI-1, and sSICAM-1, there was also a minor contribution
of ten non-acute patients to the overall significance (data are
not shown). No significant between-group differences were
found for the other plasma protein concentrations.

Multiple logistic regression, including the relevant covar-
iates, showed negative associations between Fetuin-A, PAI-
1, and MDD, while higher FSH levels were associated with
MDD risk, after FDR correction. At a nominal significance
level, higher sSICAM-1 was associated with MDD, whereas
subjects with higher levels of BDNF had a lower risk of
MDD (Table 1).

Table 1 Association of the plasma protein levels (log,, transformed)
with MDD diagnosis (case/control status) after controlling for gender,
age, BMI, smoking habit, alcohol consumption, use of NSAIDs (non-
steroidal anti-inflammatory drugs), and MMSE (Mini-Mental State
Examination) score

Zscores SE p values FDR-adjusted p
values
ACTH 1.533  0.831 0.125 0.306
Adiponectin  —1.347  0.689  0.178 0.327
Adipsin —0.077 1.897 0.939 0.865
AGT 0.824 0371 0.410 0.603
BDNF —2.030 0.794 0.042% 0.185
Cathepsin-D 0282 1230 0.778 0.781
CNTF 1952  0.864 0.051 0.187
Fetuin-A —5.348  2.867 8.86x107%*  1.95x 1070
FSH 2813 0.762  0.005%* 0.037%
GH —0.281 0383 0.779 0.781
KLK-6 1423 1573  0.155 0.311
LH —0412  0.599 0.680 0.781
MPO 0.849  0.429 0.396 0.603
NCAM 1452 2461 0.147 0.311
NGAL 1.855 1.204 0.064 0.202
OPN 0.559  0.694 0.576 0.780
PAI-1 —3366 0930 0.001%* 0.011%x
PRL —0.073 0586 0.941 0.865
Resistin 0.487 0.775 0.626 0.780
sICAM-1 2233 1.058 0.026 0.143
SOD-1 -0472 0.886 0.637 0.780
SOD-2 —0912  1.440 0.362 0.603
sVCAM-1 1.596 2470 0.110 0.303
TSH -0364 0505 0.716 0.781

*Nominally significant results (unadjusted p <0.05)

**Significant results after false discovery rate (FDR) correction for
multiple comparisons
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The removal of 27 subjects with MMSE-KC adjusted
scores < 25 (indicating cognitive impairment) caused FSH
and PAI-1 associations to lose the statistical significance,
while the effect of Fetuin-A was still observed (data are not
shown). FSH was not associated with MDD risk after the
exclusion of ten patients with GDS-K scores < 11 (non-acute
MDD) from the analyses, while PAI-1 and Fetuin-A were
still significantly associated with MDD.

After the dichotomization of the plasma protein levels
(secondary analyses) and FDR correction, high Fetuin-A
levels were associated with reduced MDD risk, while PAI-1
showed only nominal significance. High CNTF levels were
associated with higher MDD risk. At a nominal significance
level, NGAL and sSICAM-1 levels were positively associated
with MDD risk. Detailed results are shown in Table S5 and
Fig. 1.

Association between protein plasma levels
and depressive symptom severity in MDD patients

Taking into account the effect of possible confounders and
after FDR correction, none of the tested biomarkers pre-
dicted depressive symptom severity (GDS-K scores) in
patients with MDD regardless of the acute or non-acute
phase of the disease. At the nominal significance level,
multiple regression analyses showed that plasma PRL (pro-
lactin) levels and sVCAM-1 (soluble vascular cell adhesion

200

400000

200000

Plasma levels (in ng/mL)
Plasma levels (in mlUg/mL)

Fetuin-A

FSH

molecule-1) were negatively associated with GDS-K scores
in patients with MDD (Table S6).

The removal of 27 subjects with MMSE-KC adjusted
scores < 25 from the analyses had no substantial effect on
the results (data are not shown). A negative association
between PRL levels and depression severity was statistically
significant after the removal of ten non-acute MDD patients
(Fig. 2). Results are shown in Table S7.

After the dichotomization of the plasma protein levels
(secondary analyses), we did not find any association with
depression symptom severity (Table S8).

Discussion

In the present study, we investigated differences in plasma
protein levels between MDD patients and HCs in a cohort
of community-dwelling elderly individuals. We also studied
whether plasma protein levels might predict the severity of
depressive symptomatology in MDD patients.

After FDR correction and considering potential con-
founders, we found lower Fetuin-A and PAI-1, as well as
higher FSH levels in patients with MDD vs. HCs. After the
exclusion of cognitively impaired subjects, only the effect of
Fetuin-A was still observed, while after the exclusion of ten
non-acute MDD patients, both the effects of Fetuin-A and
PAI-1 survived. The effect of Fetuin-A on MDD risk was
also confirmed after the dichotomization of protein levels.

Diagnosis
W Healthy
EvDD

45000

30000

Plasma levels (in pg/mL)

15000

PAI-1

Error bars: +/- 1 SD

Fig. 1 Distribution of the mean values (+SD, standard deviations) of
plasma Fetuin-A (in ng/mL), FSH (in mIU/mL), and PAI-1 levels (in
pg/mL) in healthy individuals and patients with MDD (major depres-

sive disorder). MDD major depressive disorder, SD standard devia-
tion. **Significant results at Student’s 7 test after false discovery rate
(FDR) correction for multiple comparisons
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Using the dichotomization approach, CNTF levels were
positively associated with MDD risk.

Fetuin-A is a negative acute phase glycoprotein, primar-
ily secreted by the liver, with a role in neuroprotection and
neurodevelopment [49, 50]. In human post-mortem mature
brain, Fetuin-A is predominantly expressed in neurons and
astrocytes, while in the developing brain, it is also found
in CD68-positive microglia [51]. Fetuin-A levels have been
inversely correlated with atherosclerosis severity and vascu-
lar calcifications [52], as well as with cognitive performance
in the elderly and Alzheimer disease [53, 54], supporting a
link with MDD in the elderly [7, 55]. Of note, the exclusion
of cognitively impaired patients from the analysis did not
change the significance of our result. A previous study also
found higher levels of Fetuin-A in MDD vs. controls, but
only in males [21]. We did not perform any analysis strati-
fied by gender because of a power issue (our sample mostly
included females).

PAI-1 levels had a negative association with MDD
risk, although it was not confirmed after the exclusion of
subjects with cognitive impairment and dichotomization
of the data. PAI-1 is mainly involved in the inhibition of
fibrinolysis in humans. However, specific actions have
been described for PAI-1 within the CNS. In the CNS,
PAI-1 has an indirect effect on synaptic plasticity by
reducing the production of active BDNF from its precur-
sor and modulating the activity of N-methyl-p-aspartate
(NMDA) receptors through the inhibition of the tPA-
plasmin pathway [56]. Both neurotoxic and neurotrophic
effects have been described for PAI-1 [56, 57]. Our result

@ Springer

Prolactin levels

is not consistent with a study showing an opposite effect
in a sample of elderly depressed patients with comorbid
type 2 diabetes [58]. The reduction of plasma PAI-1 in our
MDD subsample also contrasts with the previous evidence
of a prothrombotic state in MDD and inverse association
between PAI-1 levels and CVD [59]. This may be partly
due to a reduction of TNF-a in our MDD subsample, as
we pointed out in our previous work [60]. Indeed, pro-
inflammatory cytokines may upregulate PAI-1 expression
[61], as it was demonstrated in vivo in both microglia
and astrocytes during neuroinflammation [62]. Ethnicity
might also explain some differences, since South Asian
individuals have shown increased risk of CVD compared
to Caucasians [63].

FSH levels were inversely associated with MDD,
although this association was not confirmed after exclud-
ing non-acute MDD patients or cognitively impaired indi-
viduals. FSH is a pituitary gonadotropin with a key role
in reproductive physiology in both men and women [64],
and it was previously implicated in depression risk in peri-
and post-menopausal women [27], despite negative results
were also reported [65—67]. In longitudinal studies con-
sidering the menopausal transition or the post-menopausal
phase, a higher change in the FSH levels over time was
associated with depression [68, 69]. Given the relevant
fluctuations of FSH during distinct phases of life, it is rea-
sonable to hypothesize that the entity of fluctuations rather
than the absolute value may be associated with depression.
Our sample was mostly represented by elderly women, and
this may explain the higher FSH levels in MDD compared
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to HCs; indeed, gonadotropins did not show alterations in
depressed males [70].

The analyses of dichotomized biomarker levels showed
that higher CNTF was associated with MDD. CNTF is
a cytokine expressed by both neuronal and glial cells,
belonging to the interleukin-6 (IL-6) family [71]. It exerts
pro-inflammatory actions in the brain, by activating micro-
glia in vitro and in vivo [72, 73]. CTNF-induced neuro-
inflammation results in a significant decrease in neuronal
metabolism [74]. At the behavioral level, it leads to the
development of sickness behavior by causing fever, ano-
rexia, and reduced locomotor activity, which parallel the
increase of IBA-1 (ionized calcium-binding adaptor mol-
ecule 1) positive microglia and inflammatory cytokines,
such as IL-1p and TNF-a, into the brain [71]. A previous
study found elevated CNTF levels in MDD vs. HCs [17],
and animal models suggested that CNTF promotes depres-
sive-like behaviors in a sex-specific manner in mice [18],
although contrasting findings were reported [75].

Altogether, our novel findings of lower plasma Fetuin-
A, higher CNTF, and, possibly, lower PAI-1 in patients
with MDD are in agreement with evidence that microglia-
mediated processes are implicated in the pathophysiol-
ogy of the disorder [76]. Reduced Fetuin-A may result in
the impaired anti-inflammatory activity of the polyamine
spermine, whose mechanism depends on the availability
of Fetuin-A, as well as in increased microglial activation
[77]. CNTF was shown to stimulate microglial phagocy-
tosis through a calcium-mediated upregulation of integrin
av, and to determine a shift toward amoeboid-shape acti-
vated microglia [73, 78]. Although lower PAI-1 levels may
be the consequence of blunted pro-inflammatory stimuli
on microglia, reduced PAI-1 may also promote microglial
phagocytic activity through the disinhibition of the vitron-
ectin/integrin beta-2 (ITGP2)/Toll-like receptor 2 (TLR2)
complex [62]. The neuroinflammation associated with
depression has been confirmed by in vivo PET studies of
microglial activation in patients [79]. The interpretation
of this finding is still under debate, and several different
mechanisms have been proposed, including an inborn
dysregulation of the immune system leading to auto-
inflammatory reactivity, psychological stress, and expo-
sure to infectious agents [80]. To date, it is still difficult
to disentangle how peripheral circulating proteins, which
often have a contrasting effect, can together influence the
functionality of brain networks and behaviour. They could
act in a region-specific manner within the CNS, and their
effect may depend on their sequential exposure to target
cells [81]. Region-specific functions of microglia have also
been reported, which could determine the divergent results
in terms of neuroplasticity found in models of stress-
induced depression [82, 83]. Therefore, the interpretation
of the present results has to be considered with caution.

Other results did not survive after multiple-testing correc-
tion; among them, one of the most investigated biomarkers
is BDNF that was only nominally lower in MDD cases vs.
HCs. Previous evidence suggested a reduction in periph-
eral BDNF levels in MDD compared to HCs, also in late-
onset depression [84, 85], although contrasting results have
also been reported [86, 87]. An important observation is
that there is very high discrepancy in BDNF levels between
serum and plasma [88], and plasma BDNF levels are also
less reproducible than in serum [89], possibly explaining the
observed discrepancies in the results.

The only biomarker associated with depressive symptom
severity, after FDR correction, was PRL, which showed a
negative association with symptom severity in acute MDD.
PRL is an endocrine hypophyseal peptide with a key role
in maternal behavior, as well as in adaptation to stress and
resilience. It also participates in neurogenesis and neuropro-
tection within the CNS [22] and its secretion is modulated by
the serotoninergic system, which is impaired in depression
[23]. Our result is consistent with the previous findings in a
large male sample [90]. However, it is necessary to consider
that plasma PRL measurements may be subjected to unreli-
ability due to pulsatile secretion and circadian changes [23].
Its levels may also be affected by the presence of concomi-
tant physical diseases or mild acute stress as well, including
venepuncture [91]. We could not exclude that unknown con-
comitant medications or confounders might be a potential
source of bias for this result. Antidepressants themselves
were associated with increase in prolactin levels [92], but
this is unlikely to have affected our results, since only 6 out
of 76 patients with MDD were taking antidepressants and
we included antidepressant use among covariates.

Our findings should be interpreted in light of some limi-
tations. First of all, our cross-sectional approach was not
able to evaluate the temporal variations of the considered
plasma proteins. Indeed, MDD is associated with a higher
fluctuation of symptoms [93], and this may correspond
to a dynamic fluctuation of peripheral protein levels. On
the other hand, not all our MDD patients were during an
acute phase of illness, but this did not affect our main
findings as demonstrated by excluding patients with sub-
thresholds GDS-K scores. We can not rule out that other
unobserved factors may have affected our measurements,
such as physical activity, other physical comorbidities, and
concomitant pharmacotherapies. GDS may not maintain
its validity in people with severe cognitive impairment
and this was addressed by doing a sensitivity analysis. It is
worth noting that the used MMSE cut-off score of 25 was
demonstrated a very high sensitivity in identifying indi-
viduals with dementia, although it may have relatively low
specificity [94]. However, the use of a less conservative
threshold of 18 did not substantially change the results of
the corresponding sensitivity analysis. Finally, we did not
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perform an independent replication of our findings, which
would have allowed us to validate our findings.

In conclusion, lower Fetuin-A and PAI-1, as well as
higher CNTF and FSH levels may be predictors of MDD
risk in elderly subjects. PRL levels were negatively asso-
ciated with depression symptom severity in acute MDD
patients. If confirmed in larger independent samples and
post-mortem studies, our present observations suggest that
pathways involving CNTF, Fetuin-A, and possibly PAI-1
might play a role in microglia dysregulation associated
with MDD. Measurement of peripheral biomarkers could
be a viable alternative to more unwieldy brain imaging
techniques for the assessment of neuroinflammation asso-
ciated with depression in clinical settings, helping to iden-
tify patients at risk for the neuroprogression of the disease.
Future studies will help to investigate longitudinally the
association between these promising biomarkers and MDD
diagnosis and symptoms severity.
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