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Abstract

Background: Subthreshold symptoms of major depressive disorder (MDD) may be 

underreported due to stigma and/or cognitive impairment associated with this illness. Identifying 

objective behavioral and neural markers prodromal to MDD onset would help overcome this bias. 

This case study reports prospective behavioral and neuroimaging evidence prodromal to MDD 

onset in a young adult without prior personal or family history of psychiatric disorders who was 

identified during a longitudinal study of mood disorders.

Methods: The participant completed the SCID-5 and other assessments of depression as well as 

the Vividness of Visual Imagery Questionnaire at baseline, 6-month follow-up, and 12-month 

follow-up. The participant completed the Emotion Intensity Rating task and high-resolution 

structural images were collected using magnetic resonance imaging (MRI) at baseline and 6-

month follow-up. The levels of cortical myelin computed as the T1w/T2w ratio were used in 

a linear discriminant analysis (LDA) to predict participant’s diagnostic status at baseline and 

6-months.

Results: The participant presented as a healthy control at baseline and 6-month but met criteria 

for MDD at the 12-month follow-up based on the SCID-5. The participant’s visual imagery as 

well as the ability to correctly recognize neutral faces dramatically reduced from baseline to 

6-month follow-up. The LDA classified the participant as an individual with depressive disorders 

at both baseline and 6-month follow-up despite the absence of either subthreshold or clinical 

symptoms of depression.

Conclusions: While preliminary, the results suggest that the measures of cortical myelin, 

response to neutral and emotional facial expressions, and vividness of visual imagery could be 
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prodromal to illness onset, whereas clinician-administered or self-reported measures of depression 

symptoms were uninformative.
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1. Introduction

Major depressive disorder (MDD) is a debilitating mental illness characterized by episodes 

of feeling down, sad, hopeless, worthless, fatigued, having low interest in previously 

enjoyable activities, and experiencing alterations in sleeping, eating, and overall cognitive 

and psychosocial functioning (First et al., 2015; Judd et al., 2000). Understanding prodromal 

symptomatology predicting major depressive disorder is critically important because this 

may help improve long-term outcomes and decrease the burden of this disorder on mental 

health care system and society in general (Kakuma et al., 2011; Mendelson and Tandon, 

2016).

Currently, the mental health field relies on information reported by patients to identify 

depressive symptoms and diagnose mental illness. Prodromal symptoms of depression are 

often identified retrospectively based on the patient or their significant others’ reports or 

on the existing medical records (Benasi et al., 2021). However, patients may underreport 

subthreshold symptoms of depression due to stigma associated with this illness or cognitive 

impairment associated with depression thus affecting the clinician’s ability to diagnose 

the disorder and offer treatment options in a timely manner (Henshaw, 2014). Identifying 

objective behavioral and neural correlates prodromal to depression onset would help 

overcome symptom self-report bias.

The participant discussed here was enrolled in an ongoing longitudinal neuroimaging study 

of mood disorders. The participant entered the study as a healthy control and remained 

healthy at the 6-month follow-up. The participant met criteria for MDD during the 12-month 

follow-up. The data collected over the three time points offered us the convenience of 

observing clinical, behavioral, and neural changes associated with illness transition in real 

time. Considering that observing the onset of MDD within the course of a study is rare, 

reporting such cases is critically important to help understand the possible prodromal 

markers of MDD in previously healthy individuals. The information regarding prodromal 

markers of MDD may inform the staging model of psychiatric disorders (McGorry et al., 

2014) and provide an opportunity for developing therapeutic interventions before acute 

symptoms and a decrease in quality of life occur.

2. Methods

2.1. Participants

This study was approved by the University of Pittsburgh Institutional Review Board. All 

participants gave their written informed consent to participate in the study, were right-

handed, fluent in English, and were matched on age and sex. Individuals with depressive 
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disorders (DD) met DSM-5 criteria for major or persistent depressive disorders. Healthy 

controls (HC) had no personal or family history of psychiatric disorders. The data for the 

participant discussed in this case study were compared with the data collected from 18–

45-year-old individuals who participated in the same longitudinal study and consisted of 47 

HC and 39 individuals with DD. The findings associated with this sample were previously 

published by our lab (Baranger et al., 2021b, 2021a).

Although this report is based on a real case, all identifying information for the individual 

has been altered to protect patient confidentiality. A male Caucasian participant between 

25–30 years of age with normal level of intelligence (IQ>100 on the NART assessment 

(Nelson, 1982)) and college-level education participated in three clinical study visits (at 

baseline 6-month follow-up, and 12-month follow-up) and in two behavioral/neuroimaging 

appointments (at baseline and 6-month follow-up). Based on the SCID-5 assessment, the 

participant presented as a healthy control without reported trauma, substance abuse, medical 

conditions or family or personal history of psychiatric disorders, at baseline and 6-month 

follow-up. However, the participant met DSM-5 criteria for Major Depressive Disorder, 

Single Episode, In Full Remission (F32.5) at 12-month follow-up and reportedly began to 

receive regular individual counseling sessions and Wellbutrin 300 mg daily approximately 

5-months prior to his 12-month follow-up.

2.2. Clinical assessment

The participant’s diagnostic status was determined at each time point using Structured 

Clinical Interview for DSM-5 (SCID-5) (First et al., 2015). Current symptoms of depression 

were assessed using the standard Hamilton Rating Scale of Depression (HRSD-25 

(Hamilton, 1960)). Both assessments were administered by a Master-level clinician trained 

in psychiatric assessments. The Functioning Assessment Short Test (FAST (Rosa et al., 

2007)) was used to assess difficulties in functioning: autonomy, occupational functioning, 

cognitive functioning, financial issues, interpersonal relationships, and leisure time. In 

addition, the Quick Inventory of Depressive Symptomatology-Self-Report version (QIDS-

SR (Rush et al., 2003)) was administered to obtain additional information the additional 

information about current symptoms of depression as well as the MOODS-SR questionnaire 

(Dell’Osso et al., 2002) depression scale to obtain the information about lifetime symptoms 

of depression prior to baseline, at baseline, between baseline and 6-months follow-up, 

at 6-months follow up, between 6-months and 12-months follow-ups, and at 12-months 

follow-up. The Snaith-Hamilton Pleasure Scale (SHAPS (Snaith et al., 1995)) measured 

feelings of anhedonia. Spielberger’s State-Trait Anxiety Inventory (STAIY (Spielberger et 

al., 1983)) was used to evaluate state anxiety (STAIY1) and trait anxiety (STAIY2). Previous 

studies suggest that anxiety and anhedonia are common prodromal clinical symptoms of 

depression (Benasi et al., 2021). For all assessments described above, higher scores indicate 

more severe symptoms of psychopathology.

In addition, we have administered the Vividness of Visual Imagery Questionnaire (VVIQ 

(Marks, 1973)) to assess the participants’ vividness of visual imagery at each time point. 

The VVIQ provides participants with prompts (e.g., “Think of some relative or friend whom 

you frequently see (but who is not with you at present), and carefully consider the picture 
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that comes before your mind’s eye”) and asks to imagine the scene described in each 

prompt (e.g., “the exact contour of face, head, shoulders, and body”). The participant rates 

the clarity of the scenes they imagined on a scale from 1 (“perfectly clear and as vivid 

as normal vision”) to 5 (“no image at all (only “knowing” that you are thinking of the 

object)). Higher scores indicate less vivid visual imagery. Vividness of visual imagery is a 

construct referring to clarity, richness, and detail of an image compared to an actual percept 

(D’Angiulli and Reeves, 2007). Previous studies suggested that symptoms of depression 

affect visual imagery (Weßlau et al., 2015).

2.3. Behavioral task

The participant performed the Emotion Intensity Rating task (Manelis et al., 2019) during 

which he encountered a total of 96 pictures of happy (n=32), sad (n=32), and neutral (n=32) 

faces of men and women presented one at a time. Each face was shown in the center of the 

computer screen and had to be rated on a scale from 1–9 that was shown under the image 

of the face. The faces perceived as sad had to be rated from 1 (very sad) to 4 (a little sad), 

neutral faces had to be rated as 5, and happy faces had to be rated from 6 (a little happy) 

to 9 (very happy). The participant was instructed that there was no right or wrong answer 

and that the judgments regarding emotional intensity of each face should be made based on 

participant’s personal perception of each facial expression.

2.4. Neuroimaging data acquisition

High-resolution T1w (TR=2400ms, 0.8 × 0.8 × 0.8mm3, 208 slices, FOV=256, TE=2.22ms, 

flip angle=8°) and T2w images (TR=3200ms, 0.8 × 0.8 × 0.8mm3, 208 slices, FOV=256, 

TE=563ms) as well as the spin echo images (TR=8000, 2 × 2 × 2mm3, FOV=210, 

TE=66ms, flip angle=90°, 72 slices) were collected at the University of Pittsburgh/UPMC 

Magnetic Resonance Research Center using a 3T Siemens Prisma scanner with a 64-channel 

receiver head coil. The same set of images was collected at baseline and 6-month follow-up. 

The DICOM images were converted to BIDS dataset using heudiconv (Halchenko et al., 

2019) and dcm2niix (Li et al., 2016).

2.5. Data analyses

2.5.1. Emotion intensity rating task—In the Emotion Intensity Rating task, we 

computed the participant’s accuracy by calculating a percent of correctly identified facial 

expressions (e.g., happy face is identified as happy) for each emotional condition (i.e., 

happy, neutral, and sad) at baseline and 6 months. The accuracy calculation did not take 

into account the intensity ratings. For example, all happy faces rated between 6 and 9 were 

correct responses. In addition, we used a paired t-test to compare emotional intensity ratings 

for 32 trials of sad, neutral, and happy facial expressions (analyzed separately) at baseline 

vs. 6 months. This test included all trials in a specific emotional condition independently of 

the response accuracy.

2.5.2. Neuroimaging—The details of the neuroimaging data preprocessing and analysis 

have been reported previously (Baranger et al., 2021b, 2021a) and are publicly available 

at https://github.com/manelis-lab/myelin-paper-NICL2021. In short, we employed the HCP 

pipeline to preprocess T1w and T2w images and to compute the T1w/T2w ratio that is 
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thought to reflect the levels of cortical myelin (Glasser et al., 2013, 2016; Glasser and van 

Essen, 2011). Spin echo field maps were used for bias field correction. The myelin maps 

were parcellated into 360 parcels (Glasser et al., 2016) and the mean T1w/T2w ratio was 

computed for each parcel. For the sample of 47 HC and 39 individuals with DD, only 

structural images collected at baseline were used. For the participant described in this case 

report, both the images collected at baseline and those collected at 6-months were computed. 

The elastic net regularized regression (Zou and Hastie, 2005; Friedman et al., 2010) was 

employed in the sample of 47 HC and 39 individuals with DD to identify parcels that were 

most predictive of HC vs. DD status. This sample did not include the participant who we 

discuss in the case study. The elastic net regularized regression revealed that 33 out of 360 

parcels were most informative to discriminate between HC vs. DD. These parcels were 

located in the orbitofrontal cortex, insula, cingulate, frontal operculum, auditory and visual 

cortices. After that, the mean values of the T1w/T2w ratio in these 33 parcels were used as 

inputs to a linear discriminant analysis (LDA) (Venables and Ripley, 2002) to classify HC 

vs. DD in the same sample of individuals using a leave-one-out cross-validation procedure. 

After we found that the model classified these two groups with 68% of accuracy (Baranger 

et al., 2021b, 2021a), we examined whether the values of cortical myelin in the 33 parcels 

described above would classify the participant of interest as a HC or as an individual with 

DD at baseline and at 6-month when no symptoms of depression were yet reported. To 

achieve this goal, we trained the LDA on the full sample of 47 HC vs.39 DD, and then tested 

the model on the participant described in this case report to predict his diagnostic status at 

baseline and then at 6-months (Baranger et al., 2021b, 2021a).

3. Results

3.1. Clinical

During the baseline and 6-month follow-up, the participant did not meet criteria for any 

DSM-5 diagnosis nor reported any depressive symptomology on the SCID-5. At the 12-

month follow-up, the participant disclosed that he had experienced a month-long episode 

of depression with onset approximately one month after his 6-month follow-up study visit. 

During that episode he felt down and sad, lost interest in previously pleasurable activities 

(e.g., physical exercising), felt fatigued and guilty, had difficulty concentrating and focusing, 

and slept longer than usual (up to 10 h). The participant also reported isolating from others, 

having a decrease in quality of his work and an increase in his substance use (i.e., alcohol 

and cannabis). The participant sought help from a therapist who diagnosed him with MDD 

and Generalized Anxiety Disorder (GAD). A month later, the participant’s diagnosis was 

confirmed by a psychiatrist who prescribed him Wellbutrin 300mg daily. Consistent with 

this finding, the participant met criteria for Major Depressive Disorder, Single Episode, 

Full Remission (F32.5) during the 12-month follow-up study visit. The results for the other 

assessments are presented in Table 1 and on Fig. 1.

3.2. Behavioral

Fig. 2 illustrates the mean recognition accuracy for sad, neutral, and happy facial 

expressions at baseline and 6-month follow-up. It appears that the participant’s ability to 

recognize happy and sad facial expressions was extremely high during both baseline and 
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6-month follow-up (100% accuracy for happy and sad faces at baseline, 93.75% and 96.88% 

accuracy for happy and sad faces accordingly at 6-month follow-up). However, his ability 

to recognize neutral facial expressions as neutral dramatically reduced from 93% at baseline 

to 6.25% at 6-month follow-up (Fig. 2). The paired t-tests showed that the mean ratings for 

emotion intensity of facial expressions also significantly changed over time. Compared to 

baseline, the ratings made during the 6-month follow-up study visit became less negative 

for sad faces (t(31)= −5.8, p<0.001), less positive for happy faces (t(31)=5.7, p<0.001), and 

more negative for neutral faces (t(31)=2.6, p=0.014) (Fig. 3).

3.3. Neuroimaging

As described in our previous publications, the LDA model classified the participant we 

discuss here as an individual diagnosed with DD during both baseline and 6-month follow-

up scans despite the lack of subthreshold or clinical symptoms of depression (Baranger et 

al., 2021b, 2021a).

4. Discussion

In this case report, we described the prospective clinical, behavioral, and neuroimaging 

measures prodromal to onset of MDD. Our results suggest that most available clinical 

measures remained at the normal level a month before illness onset and were unable to 

predict upcoming symptoms of depression. At the 12-month follow-up study visit, after 

onset of MDD, the participant showed a slight increase in depression based on the HRSD-25 

assessment, however, the score “7” was still within the normal range. The participant also 

showed a minimal increase in self-reported symptoms of depression between the 6-month 

and 12-month follow-ups based on the MOODS-SR scores, but the score “2” on the 

MOODS-SR depression scale is consistent with the mean score observed by Baranger 

et al., (2021b) in healthy individuals (mean[SD]=2.15[2.27]) rather than individuals 

diagnosed with depressive disorders (mean[SD]=18.41[4.36]). These relatively low scores 

for depression symptoms at the 12-month follow-up corresponded to the participant being 

in full remission from the previously experienced major depressive episode 5 months prior. 

A nominal increase in past and current symptoms of depression toward 12-month follow-up 

was paralleled by an increase in trait anxiety with about 15-point change from baseline 

to 12-month follow-up. Trait anxiety refers to the stable inclination to experience anxiety 

and fear and to perceive environment as threatening (Spielberger et al., 1983). Therefore, 

the changes in trait anxiety without changes in state anxiety may show that the participant 

started to exhibit more persistent anxiety symptoms and may indicate the alteration in stable 

representation of self and environment that preceded onset of MDD. These findings are 

consistent with a recent systematic review implicating anxiety as one of the prodromal 

symptoms of depression onset (Benasi et al., 2021).

Considering that subthreshold symptoms of depression may be unrecognized or 

underreported by patients (Henshaw, 2014), we examined the potential of behavioral and 

neural measures to predict illness onset. Altered level of cortical myelin was the earliest 

sign of illness before the participant met criteria for depressive disorders diagnosis. Myelin 

levels were consistent with those observed in individuals with depressive disorders rather 

Miceli et al. Page 6

Psychiatry Res Case Rep. Author manuscript; available in PMC 2022 September 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



than healthy controls during both baseline and 6-months appointments (Baranger et al., 

2021b). This finding suggests that disrupted levels of myelin might be an early biological 

risk marker specific to MDD or common across various mental illnesses (McTeague et al., 

2017). We should note that one limitation of the machine learning analysis was a relatively 

small training sample (47 HC vs. 39 DD). Although it could be argued that this sample may 

not be representative in the high-dimensional space of 360 parcels, the elastic net showed a 

robust performance when the number of predictors is larger than the number of observations 

(Zou and Hastie, 2005, Friedman et al., 2010) and was successfully used with neuroimaging 

data (Jollans et al., 2019).

Other early indicators of changing mental health included reduced recognition accuracy 

for neutral facial expressions and lower intensity ratings for sad, neutral, and happy faces 

observed prior to illness onset. The reduced accuracy results were congruent with our 

previous findings (Manelis et al., 2019). However, the reduction in the recognition accuracy 

for neutral faces from 93% at baseline to 6.25% at the 6-month follow-up was much 

more pronounced than differences between healthy individuals and currently depressed 

individuals (90% vs. 70% accordingly) observed in Manelis et al. (2019). In addition to 

misjudging neutral faces as emotional (mostly sad), the participant’s ratings of happy and 

sad faces became lower with happy faces judged as less happy and sad faces judged as less 

sad closer to illness onset at 6-month follow-up. These findings are consistent with previous 

reports of blunted emotional response (Rottenberg and Hindash, 2015) and negative bias to 

future emotional experiences (Strunk and Adler, 2009; Andersen et al., 1992) in people with 

depression.

It is interesting that depression onset was preceded not only by alterations in the levels of 

cortical myelin and responses to neutral and emotional stimuli, but also by a decrease in 

vividness of visual imagery that was especially pronounced between baseline and 6-month 

follow-up. This result extends the previously observed relationship between imagery and 

depression (Weßlau et al., 2015) and suggests that the decrease in vividness of visual 

imagery may precede symptoms of depression.

In summary, this case report presented clinical, behavioral, and neuroimaging evidence 

associated with onset of MDD in a young adult without prior family or personal history of 

psychiatric disorders. It appears that the measures of cortical myelin, response to neutral 

and emotional facial expression, and vividness of visual imagery were prodromal to illness 

onset, whereas clinician-administered or self-reported measures of depression symptoms 

were uninformative even after the official diagnosis was established by a therapist, a 

psychiatrist, and a study clinician.
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Fig. 1. 
Longitudinal changes in clinical assessments and VVIQ.
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Fig. 2. 
Mean accuracy for recognition of sad, neutral, and happy emotional expressions at baseline 

and 6-month follow-up.
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Fig. 3. 
Density distribution for sad, neutral, and happy face ratings at baseline and 6-month follow-

up. The vertical dashed lines illustrate mean ratings for each emotion at each time point.
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