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Abstract: Early detection in the development of a Major Depressive Disorder (MDD) could guide
earlier clinical interventions. Although MDD can begin at a younger age, most people have their
first episode in young adulthood. The underlying pathophysiological mechanisms relating to such
an increased risk are not clear. The posterior cingulate cortex (PCC), exhibiting high levels of brain
connectivity and metabolic activity, plays a pivotal role in the pathological mechanism underlying
MDD. In the current study, we used the (F-18) fluorodeoxyglucose (FDG) positron emission tomogra-
phy (PET) to measure metabolic covariance connectivity of the PCC and investigated its association
with depression symptomatology evaluated by the Centre for Epidemiological Studies Depression
Inventory—Revised (CESD-R) among 27 healthy individuals aged between 18 and 23 years. A signif-
icant negative correlation has been observed between CESD-R scale scores and the PCC metabolic
connectivity with the anterior cingulate, medial prefrontal cortex, inferior and middle frontal gyrus,
as well as the insula. Overall, our findings suggest that the neural correlates of depressive symptoma-
tology in healthy young adults without a formal diagnosis involve the metabolic connectivity of the
PCC. Our findings may have potential implications for early identification and intervention in people
at risk of developing depression.

Keywords: posterior cingulate cortex; metabolic covariance connectivity; resting-state networks

1. Introduction

Major Depressive Disorder (MDD) is a complex psychological disorder in which
symptoms in clinic typically manifest as enduring negative emotional states, anhedonia,
feelings of hopelessness and behavioral changes, such as decreased activity levels and loss
of appetite. In contrast to daily mood fluctuations, the MDD has a high incidence and
recurrence rate. During an MDD episode, patients persist in negative cognitive evaluations
and emotional experiences, which may result in suicidal behavior [1]. Therefore, the
pathogenesis of MDD and early identification of at-risk individuals have become crucial
research objectives. Global prevalence of MDD, especially among young adults, has been
on the rise in modern times [2]. Although MDD can manifest at an earlier age, people
often experience their first episode during young adulthood [3]. According to Statistics and
Quality (2015), around 10% of individuals aged 18–25 in the United States experienced a
major depressive episode within the previous year [4]. Additionally, approximately 30% of
young adults in the United States have encountered such intense feelings of sadness at least
once in the past year that it negatively affected their functional abilities [5]. Since young
adulthood is a critical stage of role transition and adaptation, characterized by increased
independence, stressors, responsibilities and impactful life events [6–8], this group has an
increased risk of depression. However, the underlying pathogenesis remains unclear.
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Brain glucose metabolism may serve as a valuable physiological indicator for assessing
neuronal activity and holds great significance in elucidating neurophysiological mecha-
nisms underlying the increased risk of depression in young adults. Pathologic alterations
of metabolism in brain structures implicated in emotional/cognitive function in depres-
sion have been identified as significant contributors to the pathological mechanisms of
MDD [6,7,9,10]. In particular, the posterior cingulate cortex (PCC) exhibits high connectiv-
ity and metabolic activation level [8,11,12] in which metabolic activity was indicated to be a
significant neuroimaging biomarker of depression symptoms and antidepressant treatment
outcome [10]. Specifically, the metabolic changes in the left posterior cingulate gyrus before
and after treatment were negatively correlated with the improvement of tension/anxiety
symptom factors of depression [13]. Moreover, decreased metabolism in the PCC was
closely associated with treatment outcomes for antidepressant medication and cognitive
behavior therapy (CBT)-based interventions [14,15]. The PCC plays a crucial role in the
investigation of neurophysiological abnormalities associated with an increased risk of
depression in young adults. Also in the healthy state, the PCC is involved in regulating
emotional and memory-related processes [16], as well as playing a crucial role in internally
directed cognition [11,12], which underline its significance in impaired emotional and cog-
nitive processing, the core symptoms of major depression. Therefore, the PCC has garnered
considerable attention from researchers, not only due to its involvement in various brain
functions, but also because of its pathological implications during MDD episodes.

In addition to the significance of PCC metabolic activity in pathological mechanisms of
MDD, recent functional magnetic resonance imaging (fMRI) studies have also highlighted
the PCC functional connectivity as potential neural correlates of depression risk. In the
healthy as well as in the depressed state, the PCC exhibits extensive functional connectivity
with other nodes in the large-scale brain networks, particularly the default mode network
(DMN), central executive network (CEN) as well as salience network (SN). These connec-
tions are known to be disrupted in MDD, and they significantly correlate with depression
severity as evaluated by the Hamilton Rating Scale for Depression (HAMD) [17,18]. In par-
ticular, the altered connectivity patterns of DMN, CEN and SN are associated with current
and future depression risk in the young adult population [19]. Additionally, the functional
connectivity patterns of PCC are disrupted in young adults with MDD who are experi-
encing their first episode and have not yet received any treatment. Furthermore, altered
PCC connectivity with frontal regions and insula in young MDD patients aged 18–23 years
can serve as indicators of depressive rumination and impaired cognitive control—core
symptoms of MDD [20,21]. Not only that, but the connectivity of the PCC is also indicative
of depression risk, even in subclinical depression or healthy populations. In addition,
a significant correlation has been reported between the PCC-habenula connectivity and
depressive symptomatology in healthy individuals [22]. Importantly, the increased con-
nectivity between the PCC and the anterior subgenual anterior cingulate cortex (sgACC)
observed in subclinical depressed individuals were indicative for the severity of depres-
sion symptoms as assessed by the Beck Depression Inventory II (BDI-II) [23]—moreover,
elevated EEG functional connectivity between the posterior cingulate cortex, part of the
DMN, and the sgACC as a neural marker for rumination [24]. Abnormal DMN activity
and rumination may select individuals at risk for depression [25]. Taking these findings
into consideration, examining the connectivity of PCC is crucial for comprehending the
pathogenesis of MDD in young adults, facilitating early identification of individuals at risk
for depression in clinic and enabling effective intervention and treatment.

Compared with fMRI, which indirectly measures neuronal activity through the blood
oxygenation level–dependent (BOLD) signal, a semi-quantitative non-absolute index [26–29],
the (F-18) fluorodeoxyglucose (FDG) positron emission tomography (PET) brain imaging
technology quantitatively measures neuronal activity by capturing glucose uptake in the
brain. This enables it to assess neuronal activity more directly and accurately than BOLD-
fMRI [30]. The 18FDG-PET brain imaging technology can detect regional brain glucose
metabolic activation, which has potential significance for understanding the neurophys-
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iological mechanisms underlying the increased risk of MDD in young adults. As such,
examining the brain connectivity derived from 18FDG-PET to assess metabolic covariance,
an index of cerebral metabolism reflects the covariation of cerebral glucose uptake in the
entire brain [31,32], providing a comprehensive and robust representation of network-level
brain features for depression risk and early identification of MDD. Similar to the intrinsic
network structures of the human brain revealed by fMRI, 18FDG-PET has also demon-
strated the existence of metabolic covariance networks [33]. Over the past few years, spatial
covariance analysis of metabolic images has been widely utilized in neurodegenerative
diseases, demonstrating its efficacy in objectively evaluating brain connectivity at a network
level [34,35]. Optimized metabolic covariance network analysis in recent years has been
utilized to elucidate the physiological mechanisms underlying MDD [36–38]. For instance,
our recent study has demonstrated a significant correlation between metabolic covariance
connectivity in the sgACC and depression severity, as measured by the BDI-II [39]. It re-
mains unclear whether the metabolic covariance network of PCC also serves as a potential
metabolic neural substrate for the onset of MDD in young adults.

Our study aims to explore the PCC metabolic covariance network based on the Centre
for Epidemiological Studies Depression Inventory—Revised (CESD-R) scale in healthy
individuals during their young adulthood, providing valuable insights into potential patho-
logical mechanisms underlying the onset risk of MDD in young adults. To be specific, we
used PET brain images to construct the PCC metabolic covariance network and analyzed its
correlation with CESD-R scores in healthy young subjects. Although we only included non-
depressed individuals, consistent with previous studies demonstrating the involvement
of PCC metabolic activity and functional connectivity in mood changes and depressive
rumination in MDD as well as in non-depressed samples [13,18,23], we hypothesized that
the metabolic covariance connectivity of PCC would primarily include areas within the
core brain networks (DMN, CEN and SN) and would correlate significantly with CESD-R
scores, suggesting a potential risk of depression symptomatology.

2. Materials and Methods
2.1. Participants

This study employed data from the Monash rsPET-MR dataset (https://openneuro.
org/datasets/ds002898/, accessed on 1 February 2021), which has been previously pub-
lished in Scientific Data [40]. The dataset consisted of 27 healthy subjects aged between 18
and 23 years, all right-handed, with a mean age of 19 years and education ranging from 13
to 18 years (mean: 14 years). Demographic data are presented in Table 1. All study proce-
dures were approved by the Human Research Ethics Committee of the Monash University.
All the participants had normal or corrected-to-normal vision, no history of diagnosed
Axis-1 mental illness, diabetes or cardiovascular illness. They also underwent an evaluation
for claustrophobia, non-MRI compatible implants, as well as clinical or research PET scans
within the preceding 12 months before the scan. Pregnancy screening was conducted for
female participants.

Table 1. Demographic characteristics.

Female Male p-Value

Count 20 7 0.012 1

Age (years) 19.2 ± 1.196 20.14 ± 1.676 0.118 2

Education (years) 14.55 ± 1.468 15.29 ± 1.496 0.267 2

CESD-R 10.15 ± 8.952 6.14 ± 6.04 0.285 2

1 Chi-square test. 2 Independent sample T test.

Participants were instructed to follow a high protein/low sugar diet for 24 h, fast
for 6 h and drink 2–6 glasses of water prior to the PET scan. They also completed a brief
cognitive battery and demographic assessment.

https://openneuro.org/datasets/ds002898/
https://openneuro.org/datasets/ds002898/
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2.2. Measures

The Centre for Epidemiological Studies Depression Inventory—Revised (CESD-R)
was utilized to evaluate the current level of depressive symptomatology, which closely
reflects the criteria of Diagnostic and Statistical Manual of Mental Disorders, fourth edition
(DSM-IV) for depression and demonstrates favorable psychometric properties [41]. It is an
updated version of the CESD [42] and comprises 20 items with a five-point frequency score
(0 = not at all or less than 1 day in the last week; 1:1–2 days in the last week; 2:3–4 days in
the last week; 3:5–7 days in the last week; 4: nearly every day for two weeks). The higher
the total score of the scale, the more severe the depressive symptomatology. The CESD-R
is a screening tool for depression-related symptoms in the general population, making it
particularly suitable for this study. All subjects in this study completed the scale rating
before the experimental scan.

2.3. PET Data Acquisition and Preprocessing

The participants underwent cannulation of a minimum 22-gauge vein in each forearm,
with the left arm being utilized for FDG infusion. 18FDG-PET data were acquired on a
Siemens (Erlangen, Germany) 3 Tesla Biograph molecular MR (mMR) scanner (Syngo VB20
P) in list mode. The participants were positioned supine within the scanner bore, with
their head placed in a 16-channel radiofrequency (RF) head coil. They were instructed to
maintain as still a position as possible while keeping their eyes open and refraining from
engaging in any particular thoughts, without any additional cognitive tasks or instructions
provided. During the scan, 18 FDG was administered at an average dose of 233MBq via a
BodyGuard 323 MR-compatible infusion pump (Caesarea Medical Electronics, Caesarea,
Israel) at a rate of 36 mL/hr. The onset of infusion was synchronized with the start of the
PET scan. 18FDG-PET (225) volumes were acquired after 95 min scanning; see Jamadar
et al. [40] for detailed information.

The 18FDG-PET and T1-weighted (T1w) image were preprocessed using fMRIPrep. The
T1w image was corrected for intensity non-uniformity (INU) with N4BiasFieldCorrection [43],
distributed with ANTs 2.2.0 (RRID:SCR_004757) [44] and used as T1w-reference throughout
the workflow. The T1w-reference was then skull-stripped with a Nipype implementation
of the antsBrainExtraction.sh workflow (from ANTs), using OASIS30ANTs as target tem-
plate. Volume-based spatial normalization to MNI152NLin2009cAsym standard space
was performed through nonlinear registration with antsRegistration (ANTs 2.2.0), using
brain-extracted versions of both T1w reference and the T1w template.

For each 18FDG-PET image, the following preprocessing was performed. First, a refer-
ence volume and its skull-stripped version were generated using a custom methodology of
fMRIPrep. The PET reference was then co-registered to the T1w reference using bbregister
(FreeSurfer 6.0.1), which implements boundary-based registration [45]. Co-registration was
configured with nine degrees of freedom to account for distortions remaining in the PET
reference. Head-motion parameters with respect to the PET reference (transformation ma-
trices and six corresponding rotation and translation parameters) are estimated before any
spatiotemporal filtering using mcflirt (FSL 5.0.9) [46]. The PET time-series was resampled
into standard space, generating preprocessed PET data in MNI152NLin2009cAsym space,
with a voxel size of 3 × 3 × 3 mm3.

2.4. Covariance Connectivity Analysis

The average temporal map of glucose metabolism was utilized to compute the PCC
seed-based covariance connectivity, which was estimated using a previously proposed
similarity algorithm for PET and ASL data [36,38,39]. The similarity (S) between PCC
(region i) and the small spherical subsets (“searchlights”, region j) centered on each voxel
in the brain is defined as follows:

S = e

−(mi−mj)
2

2(σ2
i +σ2

j ) (1)
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where m and σ denote the mean and standard deviation of the regional glucose metabolism,
respectively.

To ensure the accuracy and precision of our region of interest (ROI), we constructed
a PCC using data from a Neurosynth meta-analysis focused on depression (i.e., the term
“depression”). To limit our analysis to relevant information, we applied a default threshold
at FDR-corrected p < 0.01 based on Neurosynth’s recommendations (see Figure 1).
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Figure 1. Spatial distribution of brain regions exhibiting significant negative correlation between
PCC seed-based (red) metabolic connectivity and CESD-R. The hue of the translucent overlay on
each slice corresponds to the Yeo 7-network [47] (indicated by the text color; visual network: dark
purple; somatomotor network: gray blue; dorsal attention network: green; ventral attention network:
light purple; frontoparietal network: yellow; default mode network: red).
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2.5. Statistical Analysis

The behavioral analyses were conducted using the R programming language (ver 4.2.3,
https://www.r-project.org/, accessed on 6 August 2023). A significance level of p < 0.05,
was applied to all statistical tests.

To delineate the metabolic covariance connectivity of PCC associated with a current
level of depressive symptomatology, multiple regression analysis in SPM12 was conducted
to investigate the metabolic covariance connectivity significantly linked with depression
scales, with age, gender and mean framewise displacement as covariates. To correct for
multiple comparisons, the cluster-level Family-Wise Error (FWE) correction was applied.

3. Results

The Chi-square test indicates a significant difference in the number of males and
females included in the study (p = 0.012). After examining other variables, such as age,
education level and CESD-R scores using independent t-tests, no significant disparities
were found based on sex (p’s > 0.05, see Table 1). To control for the effect of sex on the
relationship between PCC metabolic covariance connectivity and current level of depressive
symptomatology, sex was included as a covariate in the multiple regression analysis.

We found a significant negative correlation between the CESD-R scale scores and
the PCC metabolic covariance connectivity with multiple brain regions, particularly in
the prefrontal areas, such as the anterior cingulate and medial prefrontal cortex, inferior
and middle frontal gyrus (IFG and MFG), as well as insula (p < 0.05, cluster-level FWE
correction; see Table 2 and Figure 1).

Table 2. The metabolic covariance connectivity of the PCC exhibited a significant correlation with
CESD-R. (PFWE-corr: FWE corrected p-value).

Cluster Anatomical Region Cluster Size
(Voxel)

Peak MNI
Coordinates

(x, y, z)

Peak
t-Value

(df = 22)

Cluster Level
PFWE-corr

1

974

0.008

inferior frontal gyrus 161 −33, 24, −6 −4.47
Insula 158 −33, 21, −9 −4.33

middle frontal gyrus 84 −39, 45, −3 −3.8
medial prefrontal cortex 72 12, 57, 3 −3.43

anterior cingulate 11 6, 54, 9 −3.18

4. Discussion

In this study, we identified the metabolic covariance-based network of the PCC signifi-
cantly correlated with depression symptomatology level in non-depressed young adults.
The CESD-R scores were negatively correlated with the PCC metabolic connectivity in
multiple brain regions, particularly in the prefrontal areas, such as the anterior cingu-
late, the medial prefrontal cortex, the inferior and middle frontal gyri, as well as insula.
Notably, these regions are predominantly components of the default mode, salience and
central executive networks, which are the main aberrant brain networks implicated in
MDD pathology [48]. Our findings are consistent with the hypothesis suggesting that
the metabolic covariance network of PCC, involving regions of CEN, SN and DMN, may
potentially serve as neural biomarkers of increased risk for depression, which may be
beneficial for early identification and intervention of individuals at risk for depression
during young adulthood.

Firstly, our findings suggest that the PCC metabolic covariance connectivity can char-
acterize the neurophysiological correlates of depression risk in young adults, facilitating
early identification and prevention of this disease among youth. Over the past few decades,
18FDG-PET studies have consistently demonstrated the significance of cerebral glucose
metabolism as a valid measure of neurophysiological activity in the brain for elucidating

https://www.r-project.org/
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the neurophysiological basis of major depression. For instance, prior researches have con-
sistently indicated that the patients with depression exhibit abnormal glucose metabolism
in the regions including the prefrontal, anterior cingulate and posterior cingulate cortex,
as well as the insula compared to healthy individuals [49–52]. A significant correlation
between glucose metabolism in these brain areas and the severity of depression has been
observed. To be specific, the subgenual prefrontal cortex shows a positive correlation
between metabolic activity and depression severity. In contrast, in other regions, such as
the posterior and lateral orbital cortex, anterior insula and ventrolateral prefrontal cortex,
metabolic activity is negatively correlated with depressive ideation and severity ratings [52].
This suggests a compensatory response that modulates depressive symptoms. Although
previous 18FDG-PET studies in the pathogenesis of MDD have demonstrated the crucial
role of glucose metabolism in various brain regions, most investigations have primarily
focused on the regional metabolic activation rather than interregional connectivity. More
importantly, most participants in these studies were predominantly patients diagnosed
with MDD, thus neglecting the exploration into healthy individuals without a depression
diagnosis but showing variability in depressive symptomatology. In our study, focusing on
the cohort of young and healthy adults, the metabolic covariance connectivity is based on
the PCC, which mainly included extended areas of the prefrontal cortex and insula, and
negatively correlated with the symptomatology level of depression in young adults.

The metabolic connectivity between the PCC and medial prefrontal cortex, major
DMN nodes, is associated with cognitive function of young healthy adults [53]. Studies
utilizing fMRI also offer additional evidence of abnormal connectivity between the PCC
and the frontal regions of CEN, as well as insula, the core region of SN among young adults
with MDD. These abnormalities have been documented to be associated with depressive
rumination and impaired cognitive control [20,21]. Furthermore, the observed metabolic
changes have been shown to be closely linked with depressive thoughts, depression severity,
as well as treatment outcomes [6,7,9,10,49,50,54,55]. Moreover, abnormal metabolic activity
in the anterior cingulate cortex was detected in young patients with MDD [56].A recent
study using 18FDG-PET in combination with fMRI further suggested that the reduced
metabolism of inferior frontal gyrus in MDD interacts with its impaired connectivity to
other core regions [57]. Additionally, the insula, part of our PCC metabolic covariance
connectivity results, has been found to exhibit abnormal inter-network coupling with both
the DMN and CEN in MDD [58,59]. Considering that the prefrontal cortex and insula
serve as central hubs of large-scale brain networks with diverse connectivity and dynamic
interactions with various functional networks including the DMN [60–62], the coupling
between the PCC and insula, prefrontal regions we observed is not unexpected.

Secondly, we applied the CESD-R to explore the association between PCC metabolic
covariance network and the symptomatology level. Notably, unlike previous studies that
typically utilized the BDI-I & II and HAMD scales designed for individuals with MDD,
the CESD-R scale is specifically developed for assessing the current level of depressive
symptomatology in the general population, with a particular focus on the affective compo-
nent and depressed mood, core symptoms of MDD [63]. Of note, many other studies have
investigated neuroimaging biomarkers of depression symptomatology based on the CESD-
R [64–67]. Specifically, the functional connectivity strength between the PCC, the prefrontal
cortex regions (dorsomedial and ventromedial prefrontal cortex) and the sgACC has been
shown to negatively correlate with CESD-R scores in young healthy individuals [68]. At the
network-level, the intra-brain interactions among large-scale brain networks, including
the DMN, are also associated with depressive symptomatology as assessed by CESD-R
in young adults without a diagnosed disease [69]. More importantly, abnormalities in the
dynamic function of the default-frontoinsular network involving its posterior regions, the
dorsolateral and medial prefrontal cortex, as well as insula are significantly associated
with higher CESD-R scores and depressive rumination in healthy adolescents [70]. These
findings may have some potential associations with our observation of the PCC metabolic
covariance network involving the prefrontal regions and insula. Human brain metabolism
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exhibits an organized pattern of covariance, which is comparable to the corresponding
fMRI resting-state time-series correlations [33]. The PCC metabolic covariance network we
observed partially reflects functional connectivity as revealed by resting state BOLD.

In addition, the significant correlations of metabolic activation in prefrontal regions (dor-
solateral and ventrolateral prefrontal cortex, superior frontal gyrus and orbital cortex), insula,
cingulate gyrus and PCC with depressive symptoms has also been observed in previous re-
search using HAMD and Montgomery-Asberg Rating Scale (MADRS) [9,13,49–51,54,71,72].
Moreover, MDD patients show a strong correlation between changes in PCC-insula/mid
frontal cortex connectivity strength and HAMD scores [17,18], similarly to our results in
nondepressed individuals in young adulthood. It is worth noting that these brain regions
serve as crucial hubs within the default mode, salience and central executive networks—the
triple networks implicated in MDD [48].

Within MDD, the DMN has been the most extensively investigated brain network,
and the PCC, serving as the pivotal node of the DMN, has been found to be the sole node
within the DMN that directly interacts with nearly all other nodes [73]. This observation
is indicative for its crucial role in mediating intrinsic neuronal activities across the entire
DMN. Aberrant connectivity between the PCC/precuneus (the core hubs of the posterior
DMN) and the anterior cingulate and/or medial prefrontal area (the core hubs within
the anterior subnetwork of DMN) has been associated with HAMA scores, rumination
and response to antidepressant treatment [74–77]. Similar findings were also observed
in subclinical depression in a young population, where altered connectivity between the
PCC and sgACC, and between the precuneus and the dorsal medial prefrontal cortex
was related to anhedonia and/or depression severity [23,78]. The metabolic connectivity
between the PCC and medial prefrontal cortex in young healthy adults has also been
demonstrated to be linked with cognitive task performance [53]. Another neuroimaging
study has also shown that the functional connectivity of these three networks can predict
current and future risk for depression in two independent young adult samples [19].
Reduced interregional connectivity between the DMN and CEN/SN [79–82] possibly
contribute to the difficulty in moving from a self-referential state to a task-performing state
in patients diagnosed with MDD. Given that the PCC is considered as a hub for integrating
information from these three networks [83], our metabolic covariance network of PCC
findings suggests that the PCC is involved in maintaining the balance among these multiple
brain networks. Abnormalities between the PCC and other networks may be related to
observed depressive symptomatology, and these abnormal correlations could be potential
neural biomarkers that could be used for screening the risk of depression in the general
population in young adulthood.

Finally, our study has several limitations, notably the relatively small sample size.
Therefore, the present study should be viewed as merely an initial exploration based on
metabolism for identifying neural correlates of depressive symptomatology levels in the
healthy young population, and thus requires replication and validation in independent
larger samples. Comparisons with data from other biological systems should be conducted,
which holds promise toward the advancement of the disease risk screening in the young
adults in the future. In addition, the present study is limited to the PCC as single seed
region, and further investigation of other brain regions with metabolic abnormalities are
warranted. Finally, disturbed sleep patterns as well as adverse childhood experiences are
closely associated with the risk of developing depression, but this information was not
collected. In follow-up studies, it would be useful to further investigate the influence of
these possible confounding variables on our metabolic connectivity findings.

5. Conclusions

In conclusion, we delineated the metabolic covariance network of the PCC, involv-
ing regions of central executive network, salience network and default mode network,
which correlated negatively with the level of depression symptomatology assessed with
the CESD-R in healthy subjects in young adulthood. Our study emphasizes the impor-
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tance of network-level brain features involved in the pathogenesis of MDD during young
adulthood. Our results may further facilitate an early identification and intervention of
at-risk individuals in the general population although further research is warranted to
substantiate and reproduce our findings in large-scale clinical and non-clinical samples
at risk. Because of the similarities with clinical depressed patients, our brain imaging
observations also support the consideration of early psychotherapeutic interventions in
non-clinical depressed samples potentially at risk to experience a depressive episode.
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