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Abstract

Aim—This study used proton magnetic resonance spectroscopy (1H MRS) to measure in vivo 
brain glutathione (GSH) in adolescents with major depressive disorder (MDD), and explored the 

relationship between GSH and illness severity and chronicity. Secondarily, associations between 

GSH and anhedonia, a key symptom of MDD in adolescents, were investigated.

Methods—Occipital cortex GSH levels were obtained in 19 psychotropic medication-free 

adolescents with MDD (ages 12–21) and compared to those in eight healthy control adolescents. 

Correlations between GSH levels and anhedonia severity were examined both in the full 

participant sample and within the MDD group. Within the MDD group, correlations between GSH 

levels and illness severity and chronicity were assessed.

Results—Occipital GSH levels were lower in adolescents with MDD compared to controls, but 

did not correlate with anhedonia (either within the MDD group or the full sample), MDD severity, 

or onset. There were also no group differences in levels of total choline, creatine, and N-

acetylaspartate – all neurometabolites that were simultaneously detected with 1H MRS.

Conclusions—Although preliminary, findings add new data to support the role of oxidative 

stress in MDD and suggest that lower GSH may be a potential marker of MDD early on in the 

course of illness.
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1. Introduction

Major depressive disorder (MDD) is consistently ranked as one of the most common 

psychiatric conditions among adolescents in the U.S. (Copeland et al., 2011; Kessler et al., 

2012; Merikangas et al., 2010) and is accompanied by substantial psychosocial impairment 

(Asarnow et al., 2005; Jaycox et al., 2009). Additionally, adolescent MDD is associated with 

high risk for suicide (Asarnow et al., 2008), the second leading cause of death in this age 

group (Heron, 2016). Despite this clear public health concern, the neurobiological 

underpinnings and mechanisms of MDD remain poorly understood. Recent data point to the 

potential role of inflammation and oxidative stress, two closely related events, in the 

pathophysiology of depression (Gardner and Boles, 2011; Jimenez-Fernandez et al., 2015).

Inflammation is known to increase the production of reactive oxygen and nitrogen species 

(ROS/RNS). These free radicals can overwhelm cellular antioxidant capacity, leading to 

oxidative stress, the consequences of which can include mitochondrial dysfunction, further 

ROS/RNS production, and cell death. Neurons are especially vulnerable to oxidative stress 

given their high oxygen utilization/metabolism and relatively low levels of antioxidant 

compounds and enzymes, compared to other tissues (Mytilineou et al., 2002). Indeed, 

oxidative stress has been implicated in the pathogenesis of most major neurological/

neurodegenerative (e.g., Alzheimer’s and Parkinson’s diseases) and neuropsychiatric 

disorders (Bains and Shaw, 1997; Mahadik and Mukherjee, 1996; Mytilineou et al., 2002; 

Ng et al., 2008), including adult MDD (Behr et al., 2012; Bilici et al., 2001; Cumurcu et al., 

2009; Gibson et al., 2012; Kodydkova et al., 2009). Glutathione (GSH), a tripeptide thiol and 

the primary living tissue antioxidant, protects cells and their components against oxidative 

stress to ensure their normal functioning and replication (Bains and Shaw, 1997; Dringen, 

2000). GSH is therefore a sensitive and reliably endogenous marker of oxidative stress.

Only a few studies to date have investigated GSH abnormalities in MDD. A postmortem 

study showed lower GSH levels in the prefrontal cortices of patients with MDD, bipolar 

disorder, and schizophrenia relative to those of controls (Gawryluk et al., 2011). Other 

studies examining GSH concentrations in blood serum and plasma have also identified 

significantly lower GSH in MDD patients compared to healthy controls (Kodydkova et al., 

2009; Maes et al., 2011). Further, lower brain GSH levels have been found in a rodent model 

of depression (de Souza et al., 2006; Zafir and Banu, 2009). Most relevant, using proton 

magnetic resonance spectroscopy (1H MRS), Shungu and colleagues (2012) measured and 

then compared occipital cortex (OCC) GSH levels in unmedicated adults with MDD to 

matched healthy participants and found a 21% lower GSH levels in the MDD patients. 

Likewise, another recent 1H MRS reported lower in vivo GSH levels in the OCC of 

unmedicated adults with MDD versus healthy controls (Godlewska et al., 2015). No studies 

to date have measured GSH levels in adolescents with MDD.

Because MDD typically first develops in adolescence (Kessler et al., 2003), investigations of 

early-stage MDD may provide important insight into the pathogenesis of the disorder and 

may help to identify potential biomarkers of risk. The primary objective of the present study 

was to use 1H MRS to measure in vivo OCC GSH in psychotropic medication-free 

adolescents with MDD in comparison to healthy adolescents. Based on prior studies, we 
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hypothesized that adolescents with MDD would have lower OCC GSH levels when 

compared to heathy adolescents. In addition, potential associations between GSH levels and 

dimensional measures of anhedonia were explored, based on our prior findings of specific 

links between inflammation and GSH and this core symptom of MDD in adolescents and 

adults (Gabbay et al., 2012; Gabbay et al., 2010a; Gabbay et al., 2010b; Lapidus et al., 

2014). As such, we hypothesized that GSH levels would be inversely related to anhedonia. 

We chose to examine this relationship in both the MDD group and the full sample, as 

previous literature suggests that anhedonia may manifest a full range of severity among 

adolescents, both with and without MDD (Forbes et al., 2010; Keller et al., 2013; Stringaris 

et al., 2015), and may be a risk factor for future psychopathology (Morgan et al., 2013; Pine 

et al., 1999; Wilcox and Anthony, 2004). As a final, exploratory aim, we examined the 

relationship between GSH levels and the duration of MDD since onset in order to assess the 

effects of disease chronicity on GSH levels.

2. Methods

2.1. Participants

Nineteen adolescents with MDD (mean age = 15.7 years, SD = 2.5; 42% female) and 8 

healthy control (HC) participants (mean age = 16.1 years, SD = 3.4; 63% female), ranging in 

age from 12–21, were recruited in the greater New York City area via clinical referrals from 

a pediatric psychiatry clinic and local advertisements. The study was approved by 

Institutional Review Boards at all participating institutions. Participants 18 years of age and 

older provided written informed consent, and those under age 18 provided assent and a 

parent or guardian gave signed informed consent.

Adolescents in the MDD group met the Diagnostic and Statistical Manual of Mental 

Disorders, 4th edition (DSM-IV) criteria for MDD. Exclusion criteria for all participants 

consisted of a low IQ (<80) estimated using the Kaufman Brief Intelligence Test (Kaufman 

and Kaufman, 1990), MRI contraindications, a positive urine toxicology test on the day of 

the scan, and a positive pregnancy test in females. All participants were free of psychotropic 

medication for at least thirty days prior to participating in the study. Adolescents with a 

current or past DSM-IV diagnosis of bipolar disorder, schizophrenia, pervasive 

developmental disorder, panic disorder, obsessive-compulsive disorder, Tourette’s disorder, 

or substance use disorder were excluded. HC adolescents did not meet criteria for any 

current or past DSM-IV diagnosis and were psychotropic medication-naïve.

2.2. Clinical assessments

To assess psychiatric symptoms and exclusionary criteria, a licensed psychiatrist or clinical 

psychologist administered the Schedule for Affective Disorders and Schizophrenia-Present 

and Lifetime Version for School Aged Children (K-SADS-PL; Kaufman et al., 1997) to the 

adolescent participants, as well as to a parent or guardian when the participant was under 

age 18. Detailed information on MDD illness onset and duration was also obtained. To 

enhance diagnostic reliability, clinical evaluations were discussed between the interviewing 

clinician and the Primary Investigator (a board-certified child and adolescent psychiatrist).
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Depression severity was quantified using the clinician-administered Children’s Depression 

Rating Scale–Revised (CDRS-R), which assesses depression symptoms across 17 items. 

CDRS-R scores can range from 17 to 113, with higher scores indicating greater depression 

severity. The psychometric properties of this scale have been validated both in children and 

adolescents and are ideal for identifying specific depression symptoms (Mayes et al., 2010).

Participants completed the Snaith-Hamilton Pleasure Scale (SHAPS; Snaith et al., 1995), a 

self-report measure of anhedonia severity that has been validated for use in clinical and non-

clinical populations (Franken et al., 2007), including in adolescents (Leventhal et al., 2015). 

The SHAPS is a measure of consummatory reward across several domains and is currently 

considered the “gold standard” for assessing anhedonia in depression (Rizvi et al., 2016).

2.3. Magnetic resonance neuroimaging procedures

All neuroimaging, which included limited structural brain MRI examination and two single-

voxel 1H MRS scans, was conducted on a research-dedicated 3.0T GE MR system with an 

8-channel phased-array receive head coil and transmit body coil at the Citigroup Biomedical 

Imaging Center of Weill Cornell Medicine.

2.4. MR imaging and spectroscopy data acquisition and analysis

The structural MRI examination consisted of standard structural T1- and T2-weighted 

imaging series that were appropriately obliqued for prescribing the MRS voxels, of a T1-

weighted spoiled gradient-recalled echo (SPGR) volumetric scan for tissue segmentation, 

and of an axial fast fluid-attenuated inversion recovery (FLAIR) scan to exclude focal 

pathology.

In vivo 1H MRS data were obtained from a 3.0 × 3.0 × 2.0 cm3 voxel prescribed in the OCC. 

Given that obtaining spectra from several voxels in a single exam requires relatively long 

scan times, which might not be well tolerated by pediatric participants, we chose to focus 

only on this one region. The OCC was selected as our region of interest based on our and 

others’ prior findings of decreased GSH in this region in adults with MDD and associations 

with anhedonia (Godlewska et al., 2015; Lapidus et al., 2014; Shungu et al., 2012). 

Additionally, prior studies have documented decreased γ-aminobutyric acid (GABA) in the 

OCC in adults with MDD (Price et al., 2009; Sanacora et al., 2000). Importantly, our voxel 

contains the precuneus, which is part of the default mode network (DMN), implicated in 

MDD (Liu et al., 2017; Peng et al., 2015; Sheline et al., 2010). The standard J-edited spin 

echo difference method with TE/TR 68/1500 ms was used to measure the levels of reduced 

GSH, as previously described (Shungu et al., 2012; Terpstra et al., 2006; Weiduschat et al., 

2014) and illustrated in Figure 1. Briefly, a pair of frequency-selective inversion pulses were 

inserted into the standard point-resolved spectroscopy (PRESS) method and applied on 

alternate scans at the frequency of the GSH α-cysteinyl resonance at 4.56 ppm, while 

avoiding excitation of oxidized GSH α-cysteinyl at 3.28 ppm (Nepravishta et al., 2012). This 

resulted in two subspectra in which reduced GSH, but not oxidized GSH, was alternately 

inverted or not inverted. Subtracting these two subspectra yielded a 1H MR spectrum 

consisting of only the edited GSH β-cysteinyl resonance at 2.98 ppm. A high test-retest 

reliability has been reported for detection of GABA with this MRS technique on the same 
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3.0T GE instrument (Shungu et al., 2016). Spectral data for this study were acquired in 15 

minutes using 290 interleaved excitations (580 total) with the editing pulses on or off. The 

area under the GSH resonance, which is proportional to the concentration of GSH in the 

voxel-of-interest, was obtained by frequency-domain spectral fitting as previously described 

(Weiduschat et al., 2014). The derived GSH peak areas were then expressed semi-

quantitatively as ratios relative to the unsuppressed intravoxel water (W) signal for 

normalization across subjects before being used in group analyses.

2.5. Assessment of voxel tissue heterogeneity

To estimate the proportions of gray matter, white matter, and cerebrospinal fluid contained in 

our voxel of interest, MEDx software (Medical Numerics, Germantown, MD) was used to 

segment the brain tissue based on the signal-intensity histogram of each participant’s 

volumetric (SPGR) MRI. In-house software developed in MATLAB (MathWorks, Natick, 

MA) was then implemented to generate a segmentation mask for each voxel, from which the 

proportions of gray matter, white matter, and cerebrospinal fluid were determined. These 

were then compared between the groups and, in case of significant differences, included in 

the statistical model as covariates.

2.6. Statistical analyses

All statistical analyses were performed in SPSS, version 22. All assumptions of normality 

were tested prior to statistical analyses using the Shapiro-Wilk test; when assumptions were 

violated, non-parametric tests were employed. Prior to our analyses, demographic variables 

(i.e., age, sex, and ethnicity) and 1H MRS voxel tissue heterogeneity (i.e., proportions of 

gray matter, white matter, and cerebrospinal fluid; mean unsuppressed voxel tissue water 

signal) were compared between groups to detect any potential confounds.

For our first hypothesis, an independent samples t test was used to compare mean OCC 

GSH/W levels of adolescents with MDD to HC. To provide a contrast for examination of 

GSH, group differences in mean OCC levels of total choline (tCho), total creatine (tCr), and 

N-acetylaspartate (NAA), all neurometabolites that were simultaneously detected with 1H 

MRS, were also examined. Independent samples t tests were used for normally distributed 

data (i.e., NAA), and independent samples Mann-Whitney U tests were used for non-normal 

data (i.e., CHO and CRE). These separate group comparison tests were selected, rather than 

using multivariate analysis of variance (MANOVA), because these data did not meet normal 

distributional assumptions. Next, correlation analyses were conducted to assess the 

associations between OCC GSH/W and SHAPS scores—both in the full participant sample, 

consisting of both adolescents with MDD and HCs, and within the MDD group only. Lastly, 

exploratory analyses were conducted to examine correlations among GSH/W and depression 

severity (CDRS-R scores), time (in months) since first MDD episode onset, and age of 

illness onset. For all correlation analyses, Pearson correlations (“r”) were used for normally 

distributed data and Spearman Rank correlations (“rho” or “ρ”) were used for non-normal 

data.
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3. Results

3.1. Participant characteristics

Table 1 provides study participants’ demographic and clinical data. Two-tailed t tests and 

chi-square tests revealed no significant group differences in age (t = 0.33, p = 0.74), sex (χ2 

= 0.94, p = 0.42), or ethnicity (χ2 = 3.50, p = 0.32) between HC and MDD groups. 

Additionally, OCC GSH/W was not associated with age (ρ = −0.13, p = 0.51) or ethnicity (F 
= 1.35, p = 0.28). Sex differences in OCC GSH/W approached significance (t = −1.79, p = 

0.09). Thus, sex was included as a covariate in correlation analyses. No differences in 

outcome variables of interest were found between participants who were missing clinical 

data (e.g., SHAPS, CDRS-R) and those with complete data.

3.2. 1H MRS voxel tissue heterogeneity

There were no significant group differences in tissue proportions of gray matter, white 

matter, cerebrospinal fluid, or mean unsuppressed voxel tissue water signal between 

participants with MDD and HCs (Table 2).

3.3. Group GSH and other neurometabolite level comparisons

Table 2 also shows the metabolite levels for adolescents with MDD and HCs. Adolescents 

with MDD had significantly lower OCC GSH/W relative to HCs (Figure 2). There were no 

group differences in levels of other neurometabolites (CHO/W, CRE/W, and NAA/W) that 

were simultaneously detected in the OCC.

3.4. Associations with anhedonia

OCC GSH/W and SHAPS scores were not significantly correlated in the full sample (ρ = 

−0.11, p = 0.63), nor were they correlated within the MDD group alone (r = 0.23, p = 0.35). 

Partial correlations, controlling for sex, were also non-significant in both the full sample (ρ = 

−0.10, p = 0.68) and the MDD group (r = 0.21, p = 0.42). However, it is important to note 

that we were missing SHAPS data for three HC participants and one MDD participant; given 

the small sample size, these results are considered preliminary.

3.5. Relationships with MDD illness severity and duration

In the MDD group, OCC GSH/W was uncorrelated with CDRS-R scores (ρ = −0.08, p = 

0.75). When controlling for sex, partial correlations were similar (ρ = −0.02, p = 0.95). OCC 

GSH/W was also not significantly correlated with illness duration, as indexed by number of 

months since illness onset (ρ = −0.24, p = 0.33), or with age of illness onset (ρ = −0.17, p = 

0.48). When controlling for sex, partial correlations between OCC GSH/W remained 

uncorrelated with number of months since illness onset (ρ = −0.15, p = 0.57) and age of 

illness onset (ρ = −0.11, p = 0.66).

4. Discussion

This is the first study that has investigated the potential role of GSH in adolescent MDD. 

Our sample of psychotropic medication-free adolescents with MDD had lower levels of in 
vivo GSH/W in the OCC, compared to healthy adolescents. Contrary to hypotheses and 
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results of previous investigations (Gabbay et al., 2012; Gabbay et al., 2010a; Gabbay et al., 

2010b; Lapidus et al., 2014), GSH/W levels were not associated with anhedonia severity in 

the full sample or within the MDD group. GSH/W levels also did not correlate with MDD 

severity or chronicity.

The main finding of this study points to a cortical GSH deficit in adolescents with MDD. As 

previously cited, GSH, the primary antioxidant in living tissue, defends cells and their 

components against oxidant damage by scavenging or detoxifying free radicals. Given that a 

decrease in GSH is associated with increased consumption of antioxidant reserves, our 

finding of lower GSH/W in MDD implicates inflammation and increased oxidative stress in 

the pathogenesis of the disorder. This suggestion is consistent with mounting preclinical data 

showing links between depression and a number of signs of oxidative damage, including: 

elevated markers of lipid peroxidation, elevated markers of oxidative DNA damage, 

abnormal activity of antioxidant enzymes, and decreased levels of peptides and other 

molecules with antioxidant properties, including GSH (Behr et al., 2012). Clinical evidence 

of the role of oxidative stress in MDD includes a growing literature that shows increased 

inflammatory response and oxidative damage in adult MDD (Behr et al., 2012; Bilici et al., 

2001; Cumurcu et al., 2009; Gibson et al., 2012; Kodydkova et al., 2009). Additionally, a 

number of clinical trials found that treatment with antidepressants, especially long-term (12 

to 24 weeks) treatment, can reverse the increased oxidative stress observed in individuals 

with MDD (Behr et al., 2012). Most relevant, two previous 1H MRS studies in adult 

populations demonstrated lower in vivo cortical GSH levels in MDD patients relative to 

healthy control participants (Godlewska et al., 2015; Shungu et al., 2012). Despite its 

smaller sample size, the current study replicates these findings and adds to the literature by 

implicating oxidative stress in adolescent MDD, early in the course of the illness.

While the evidence implicating oxidative stress in MDD is compelling, it remains unclear 

whether the observed GSH depletion reflects an underlying vulnerability to MDD or 

whether it is, instead, a consequence of the disorder. Although our cross-sectional design 

cannot determine whether GSH levels play an etiological role in MDD, our finding of lower 

GSH/W in depressed adolescents suggests that depleted GSH is not necessarily the effect of 

illness chronicity. This finding is further supported by the lack of significant relationships 

between GSH/W and illness onset and duration among the adolescents with MDD in our 

study. Although admittedly preliminary, these findings seem to implicate oxidative stress as 

a potential biomarker or etiological factor among youth with (or potentially at risk for) 

depression, with clear therapeutic implications. For example, N-acetylcysteine (NAC) may 

be one such therapeutic strategy for targeting youth MDD, given its role as an antioxidant 

and glutamatergic modulator. NAC, which restores GSH, has been investigated as a 

therapeutic agent in adults with several neuropsychiatric disorders (Dean et al., 2011; 

Deepmala et al., 2015). According to results of a recent meta-analysis, NAC was moderately 

effective in alleviating depressive symptoms in adults with MDD, bipolar disorder, and other 

psychiatric conditions (Fernandes et al., 2016). Furthermore, NAC has evidenced 

antidepressant-like effects in rodent models of depression, directly via its role as an 

antioxidant (Ferreira et al., 2008; Smaga et al., 2012). While the results have been 

promising, studies in children and adolescents are limited (Bloch et al., 2013; Hardan et al., 

2012). To date, no studies have examined NAC as a treatment for youth depression. Given 

Freed et al. Page 7

Psychiatry Res. Author manuscript; available in PMC 2018 December 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the present finding of a cortical GSH deficit in adolescents with MDD, future studies 

evaluating NAC as an antidepressant in this population seem warranted.

The failure to find a significant correlation between GSH/W and anhedonia in the present 

study is inconsistent with our prior 1H MRS study (Lapidus et al., 2014) in adults with 

MDD, which documented an inverse relationship between GSH and anhedonia severity. 

However, the discrepancy may be due to the smaller sample size of the present study. As 

another present limitation, our single-voxel study of the OCC cannot rule out GSH 

abnormalities in other brain areas that are implicated in MDD and reward circuitry, such as 

frontal, limbic, or striatal regions. Third, the present study focused on overall depression 

severity and the core symptom of anhedonia and did not examine other specific MDD 

symptoms and/or other phenomenological features associated with depression. Fourth, given 

the cross-sectional nature of our study, we were unable to assess the temporal trajectory of 

the relationship between GSH and MDD. Future directions of this research include 

replicating the investigation in larger samples to confirm the present findings, assessing 

antioxidant capacity in additional brain regions, and examining and comparing peripheral 

markers of oxidative stress with temporally concordant 1H MRS measures of brain GSH. 

Given that recent research has suggested possible MDD subtypes based on divergent 

patterns of brain function and associated symptomatology (Drysdale et al., 2017), future 

studies of GSH in depression would also benefit from examining relationships with other 

depression-related clinical variables (e.g., anxiety). Additionally, future studies would 

benefit from a longitudinal approach that follows adolescents over time in order to better 

understand changes in the GSH system and associations with MDD illness trajectories.

Despite these limitations, the present study has contributed evidence in support of a role of 

oxidative stress in psychiatric disorders and is the first study that has examined GSH in 

adolescents with MDD, early in the course of this chronic illness. Other strengths include 

the use of 1H MRS, the only technology that currently allows for the assessment of in vivo 
GSH levels non-invasively, and inclusion of only psychotropic medication-free participants 

at the time of the scan to reduce the potential confounding effect of neuro-active medication 

on GSH. If replicated in a larger sample, the present finding of a cortical GSH deficit early 

in the course of MDD may provide important information for the development of new 

assessment, prevention, and treatment paradigms.
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Highlights

• Proton magnetic resonance spectroscopy measured occipital cortex 

glutathione

• Adolescents with depression had lower glutathione levels

• Glutathione was unrelated to depression chronicity or severity

• Glutathione was unrelated to anhedonia severity
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Figure 1. 
[A] Axial and [B] sagittal MR images of a human brain, with depiction of the size, location 

and angulation of the voxel of interest in the occipital cortex. [C] Demonstration of cortical 

glutathione (GSH) detection with J-edited 1H MRS: (a) and (b), single-voxel subspectra 

acquired in 15 min with the editing pulse on and off and 290 (580 total) interleaved 

averages; spectrum (c), difference between spectra (a) and (b) showing the edited brain GSH 

resonance at 2.98 ppm; spectrum (d), model fitting of spectrum c to obtain the GSH peak 

area; spectrum (e), residual of the difference between spectra (c) and (d). NAA, N-

acetylaspartate; tCho, total choline; tCr, total creatine.
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Figure 2. 
Glutathione relative to unsuppressed voxel tissue water (GSH/W) concentrations in the 

occipital cingulate cortex (OCC) for adolescents with major depressive disorder (MDD) and 

healthy controls (HC). NOTE: Mean levels are signified by solid lines, and dashed lines 

indicate error bars (95% confidence interval).
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Table 1

Demographic and clinical data for adolescents with major depressive disorder (MDD) and healthy controls 

(HC)

HC (n = 8) MDD (n = 19)

Age in years [Mean ± SD (range)] 16.1 ± 3.4 (12.6–21.3) 15.7 ± 2.5 (12.2–19.7)

Sex [n (%)]

  Male 3 (37.5%) 11 (57.8%)

  Female 5 (62.5%) 8 (42.1%)

Ethnicity [n (%)]

  Caucasian 3 (37.5%) 6 (31.6%)

  African American 4 (50.0%) 6 (31.6%)

  Hispanic 0 (0.0%) 6 (31.6%)

  Asian American or Other 1 (12.5%) 1 (5.3%)

Clinical Measures [Mean ± SD (range)]

  CDRS-R a 18.7 ± 2.9 (17–25) 47.6 ± 11.8 (35–79)

  SHAPS b 16.8 ± 4.2 (14–24) 27.6 ± 7.6 (14–45)

Comorbid Diagnoses [n (%)]

  Anxiety Disorder c 0 (0.0%) 11 (57.8%)

  Oppositional Defiant Disorder 0 (0.0%) 3 (15.8%)

  Attention Deficit Hyperactivity Disorder 0 (0.0%) 4 (21.1%)

  Eating Disorder, Not Otherwise Specified 0 (0.0%) 1 (5.3%)

Age of illness onset in years [Mean ± SD (range)] 13.4 ± 3.3 (5.4–19.1)

Number of months since MDD onset [Mean ± SD (range)] 26.9 ± 23.2 (1.9–88.1)

CDRS-R = Children’s Depression Rating Scale—Revised; SHAPS = Snaith-Hamilton Pleasure Scale;

a
Data missing for 1 HC participant;

b
Data missing for 1 MDD and 3 HC participants;

c
Includes Generalized Anxiety Disorder (n = 7), Social Phobia (n = 4), Separation Anxiety Disorder (n = 1), Specific Phobia (n = 1).

Psychiatry Res. Author manuscript; available in PMC 2018 December 30.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Freed et al. Page 17

Table 2

Neurometabolites, water, gray matter, white matter, and CSF in the occipital cingulate cortex for youth with 

major depressive disorder (MDD) and healthy controls (HC)

Mean ± SD

HC MDD p-value

Water (ppm) 1.27×1012 ± 2.24×1011 1.38×1012 ± 1.58×1011 0.14a

Gray matter % 63.89 ± 4.82 60.63 ± 3.20 0.11b

White matter % 27.48 ± 3.78 29.46 ± 3.17 0.21a

CSF % 8.47 ± 3.29 9.45 ± 1.52 0.44a

GSH/W 2.39×10−3 ± 0.66×10−3 1.80×10−3 ± 0.29×10−3 0.04a

CHO/W 17.97×10−3 ± 3.82×10−3 17.50×10−3 ± 2.27×10−3 1.00b

CRE/W 26.31×10−3 ± 5.67×10−3 24.47×10−3 ± 1.90×10−3 0.62b

NAA/W 46.47×10−3 ± 5.62×10−3 46.56×10−3 ± 4.66×10−3 0.83a

ppm = parts per milligram; GSH/W = glutathione level relative to unsuppressed voxel tissue water; CHO/W = choline level relative to unsuppressed 
voxel tissue water; CRE/W = creatine level relative to unsuppressed voxel tissue water; NAA/W = N-acetylaspartate level relative to unsuppressed 
voxel tissue water; CSF = cerebrospinal fluid;

a
t test,

b
Mann-Whitney U test.
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