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Abstract
We utilized single-voxel 1H magnetic resonance spectroscopy (MRS) to examine for biochemical
abnormalities related to late-life depression in the medial prefrontal cortex and medial temporal lobe.
Fourteen elderly subjects whose depression responded to treatment and 12 nondepressed subjects
were enrolled. Subjects were scanned using a GE 3.0 Tesla whole body MR scanner. Metabolite
concentrations were quantified using the LC Model software and adjusted for CSF and ratio of gray
to white matter. ANCOVA models tested for group differences while controlling for age and sex.
Older previously depressed individuals showed significantly reduced concentrations of total N-
Acetyl aspartate, choline, and creatine in the prefrontal cortex and significantly elevated left medial
temporal lobe concentrations of NAA and myo-inositol. There were no significant group differences
in right temporal metabolite concentrations. The prefrontal cortex observations suggest that reduced
neuronal, phospolipid, and energy metabolism is present even in clinically improved depression. In
contrast, elevated NAA and myo-inositol concentrations in the left medial temporal lobe could be
associated with neuronal and glial cell changes in the amygdala.
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1. Introduction
Structural abnormalities have been widely reported in geriatric depression (Vaishnavi and
Taylor, 2006), but corresponding biochemical abnormalities are not as well understood.
Magnetic resonance spectroscopy (MRS) has been used to study depression in young- to
midlife-adult populations (Yildiz-Yesiloglu and Ankerst, 2006), but has not been as extensively
used in older depressed samples despite its potential to provide important information on the
pathophysiology of late-life depression.
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Although many brain regions may be interesting targets in MRS studies of geriatric depression,
the prefrontal cortex and amygdala may be of particular interest given their interconnections
and involvement in mood regulation (Phillips et al., 2003b). Structural differences in the
prefrontal cortex have been reported in geriatric depression (Ballmaier et al., 2004; Bae et al.,
2006; Taylor et al., 2007b) while the amygdala plays an important role in the regulation of
emotional expression (Phillips et al., 2003a). More recently, depression-related differences in
left hemispheric white matter connections between these regions have been reported (Taylor
et al., 2007a), supporting theories of fronto-limbic dysregulation in depression. Postmortem
studies of these regions support the hypothesis that these broader changes identified on
structural neuroimaging may be secondary to microstructural changes (Ongur et al., 1998;
Rajkowska et al., 1999; Rajkowska et al., 2005) as depressed individuals show neuronal and
glial alterations in these regions. In turn, these neuronal and glial changes are themselves
ssociated with metabolite changes such as N-acetyl aspartate (NAA, a neuronal marker, also
related to myelin), choline (Cho, a marker of membrane phospholipid metabolism), myo-
Inositol (mI, a glial cell marker), creatine (Cre), and may affect glutamate regulation
(Rajkowska and Miguel-Hidalgo, 2007).

Although 1H MRS has been used to study major depression, there are differences in results
and conclusions across published studies. MRS studies of the amygdala have shown changes
in Cho (Mervaala et al., 2000; Kusumakar et al., 2001) and glutamate (Michael et al., 2003b),
although none of these studies examined exclusively older subjects. Previous studies of the
frontal lobe have reported lower glutamate plus glutamine (Glx) concentrations in depression
(Hasler et al., 2007), and these levels may increase with successful antidepressant treatment
(Auer et al., 2000; Michael et al., 2003a; Pfeiderer et al., 2003; Hasler et al., 2005). This finding
may not be seen in other metabolites; a recent meta-analysis concluded there were no
depression-related differences in frontal lobe levels of NAA, Cho, or mI (Yildiz-Yesiloglu et
al., 2006), however this analysis included MRS studies of depression across all ages and was
not specifically limited to an older population. The few published studies which do specifically
examine older depressed subjects have reported increased frontal lobe concentrations of mI,
Cho, and Glx (Kumar et al., 2002; Binesh et al., 2004). Although these metabolite differences
could be related to neuronal and glial changes, they may also be related to cerebral
hyperintensities (Murata et al., 2001) which are common in depressed elders (Taylor et al.,
2005).

In the present study, we performed single-voxel spectroscopy of the medial prefrontal cortex
(PFC) and bilateral medial temporal lobe, focused on the amygdala. We examined a cohort of
never-depressed older subjects, and a cohort of subjects with a history of depression who had
responded to antidepressants and did not currently meet diagnostic criteria for a major
depressive episode. We hypothesized that the metabolites like NAA, Cho, Cre, mI and Glu
would exhibit different concentration in the elderly depressed population when compared with
nondepressed subjects.

2. Methods
2.1. Sample

Subjects were recruited from participants in the NIMH Conte Center for the Neuroscience of
Depression in Late Life, located at Duke University Medical Center. Eligibility was limited to
age 60 years or older. Depressed subject eligibility included a diagnosis of major depression
at entry to the Conte Center based on the NIMH Diagnostic Interview Schedule (DIS) (Robins
et al., 1981) and clinical evaluation by a geriatric psychiatrist. At time of enrollment for the
current study, subjects did not meet DSM-IV TR diagnostic criteria for a current major
depressive episode, although residual depressive symptoms were allowed.
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Exclusion criteria included (1) another major psychiatric illness, although coexisting anxiety
symptoms considered to be secondary to the depression diagnosis were allowed; (2) lifetime
history of alcohol or drug abuse or dependence; (3) primary neurologic illness, including
dementia; (4) current use of medications that could cause or contribute to depression (such as
systemic corticosteroids); and (5) any contraindication to MRI. As part of screening for
dementia, all subjects completed a mini-mental status exam (MMSE) (Folstein et al., 1975),
and individuals with a MMSE of 24 or less were excluded.

As part of the Conte Center, subjects were treated for depression following a naturalistic,
algorithm-driven protocol (Steffens et al., 2002) where all approved treatments were available,
and treatment decisions made based on the algorithm and on the individual’s past treatment
history. Although electroconvulsive therapy was an option in this protocol, none of the subjects
in the current study had received it. All depressed subjects had depression severity measured
using the Montgomery-Asberg Depression Rating Scale (MADRS) (Montgomery and Asberg,
1979) at time of imaging, although no a priori MADRS cutoff was used as entry criteria. Use
of antidepressant medications and duration of that use at time of imaging was determined by
review of the subjects’ electronic medical record.

Nondepressed comparison subjects were also recruited from participants in the Conte Center;
these were community-dwelling individuals, initially recruited for the Conte Center from the
Aging Center Subject Registry at Duke University. Eligible comparison subjects had a non-
focal neurological examination, no neurologic or psychiatric illness including dementia or
memory problems, a MMSE score above 24, no evidence of a psychiatric diagnosis based on
the DIS, and no contraindication to MRI.

The protocol was reviewed and approved by the Institutional Review Board at Duke University
Medical Center. All subjects provided written informed consent before beginning study
procedures.

2.2 Proton Magnetic Resonance Spectroscopy
We acquired the data on a 3T Signa EXCITE scanner (GE Medical Systems, Waukesha, WI)
using the standard quadrature transmit receive volume coil. The axial T1-weighted slices are
used as the localizer to place the spectroscopic voxels. Water suppression was achieved with
a CHESS sequence (Frahm et al., 1989) and volume localization used a PRESS sequence
(Bottomley, 1987) with numerically optimized Shinnar-Le Roux slice-selective
radiofrequency pulses (Pauly et al., 1991). Additionally, volume selective suppression (VSS)
pulses were used to reduce lipid contamination (Tran et al., 2000). Parameters for spectral
acquisition were: TR = 3000 ms, TE = 30 ms, 128 excitations. With the use of a short echo
time (TE = 30 ms) there may be macromolecule contribution to the quantification of metabolite
concentration. This was minimized by incorporating macromolecules (MM) in the basis-set.

The volume of interest for all regions was 2 × 2 × 2 cm3 (8mL). The PFC single voxel was
placed just above the orbito-prefrontal cortex, about 10 mm above the anterior cerebral artery.
Specifically, this voxel included regions of the anterior cingulate cortex and medial prefrontal
cortex. Although a single voxel was used, it sampled both hemispheres. Voxels on the left and
right amygdala were placed immediately to the left and right side of the optic tract and above
the hippocampus. As the amygdala volume ranges between 1.5mL to 2.0mL (Frodl et al.,
2004), this voxel also includes surrounding tissue, so we have designated this voxel as
examining the medial temporal lobe. See Figure 1 for an example of voxel placement. Linear
and higher order shims were adjusted automatically using localized water signal.

The MRS data were transferred to a Linux workstation and metabolites quantified using
LCModel (Provencher, 1993). An appropriate basis set with identical parameters are used for
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each region of interest, including the spectra of Alanine, Aspartate, Choline, Creatine Choline,
GABA, Glucose, Glutamate, glutamine, Glycine, Lactate, Myo-Inositol, N-Acetyl Aspartate,
N-Acetyl Aspartateglutamate (NAAG), Taurine and macromolecules. The spectral analysis
window was between 0.2 and 4.0 ppm. Metabolite concentrations were discarded if the
percentage of SD was > 20 for tNAA, Cho, Cre, mI, Glx and >30 for Glu (from LCModel
output).

The 3D FSPGR data set was segmented to generate gray matter (GM), white matter (WM) and
CSF images using the statistical parametric mapping program (SPM5)
[http://www.fil.ion.ucl.ac.uk/spm/]. The segmented images covering 1H single-voxel
dimension were summed over each nominal voxel to estimate the proportion of gray matter,
white matter and CSF. The absolute metabolite concentrations (Co) were not corrected for T1
and T2 relaxation effects. Co were corrected for the partial volume effect due to CSF, gray
matter (GM) and white matter (WM) by determining the fractional content of CSF, GM and
WM (FCSF, FGM, FWM) in each voxel and applying the correction: C =Co*((FGM + FWM)/(1
- FCSF)). In LC Model, the visible water concentrations of 43,300 mM and 35,880 mM were
used for gray matter and white matter respectively (McLean et al., 2000; Provencher, 2007).

2.3 Statistical Analysis
All analyses were conducted using SAS software, version 8.2 (Cary, NC, USA). Differences
in demographic variables between groups were tested using two-tailed pooled t-tests for
continuous variables, and the Fisher’s exact test for categorical variables. Differences between
groups in MRS metabolite concentrations were assessed using analysis of covariance
(ANCOVA), where metabolite concentration was the dependent variable, and age, sex, and
diagnosis (depressed or nondepressed) were independent variables. As secondary analyses, we
tested for group hemispheric differences between the medial temporal lobe measures.
Asymmetry indexes (Nagae-Poetscher et al., 2004) were calculated for medial temporal lobe
metabolite concentrations using the formula AI = (left – right) / [(left + right) / 2] and
subsequently analyzed as dependent variables in ANCOVA models controlling for age, sex,
and diagnosis. We did not correct for multiple comparisons.

3. Results
The sample consisted of 26 older individuals, 14 with a history of depression and 12 with no
psychiatric illnesses. There was not a significant difference between groups in age (depressed:
72.1y, SD = 5.3y; nondepressed = 72.7y, SD = 4.6y; t = 0.31, 24 df, P = 0.763), sex
representation (depressed: 57.2% female or 8/14; nondepressed: 50.0% female or 6/12; Fisher’s
exact test, P = 1.00), or education level (depressed: 15.8y, SD=1.5y; nondepressed: 15.5y,
SD=1.5y; 24 df, t = 0.49, P = 0.6306). Neither group exhibited any signs of dementia on
screening with MMSE (range = 27–30; depressed = 29.3, SD = 0.9; nondepressed = 29.7, SD
= 0.7; t = 1.20, 24 df, P = 0.240).

The depressed group overall had a mean age of onset of major depression at 49.5y (SD = 18.6y,
range 12–74y), with current mild residual depressive symptoms by MADRS (mean = 6.3, SD
= 5.6, range 0–15). Their medication regimens were relatively stable, being on a consistent
medication regimen and dose for an average of 498 days (range 60–808 days, SD = 232.4 days).
Three subjects were on SSRI monotherapy, 5 on bupropion, 3 on venlafaxine, and 2 on a
combination of bupropion plus a SSRI. One subject had not been taking any antidepressant for
approximately 30 days prior to MRS, but previously had been on bupropion for 169 days.

The metabolite concentrations, adjusted for both CSF and ratio of gray to white matter in each
voxel, are given in Tables 1 and 2, and displayed in Figure 2. After controlling for age and sex,
medial PFC concentrations of NAA, choline, and creatine were significantly decreased in the
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depressed subjects (Table 1). In the left medial temporal lobe (Table 2), the depressed
population exhibited significantly higher concentrations of NAA and myo-inositol. In contrast,
in the right medial temporal lobe there were no significant differences between subject groups.
Neither the glutamate + glutamine (Glx) composite measure nor glutamate concentration alone
were significantly different in any region of interest. There were no significant differences in
tissue composition (gray matter, white matter, and CSF) in any of the three regions (Tables 1
and 2). In secondary analyses looking at hemispheric differences in medial temporal lobe
metabolite concentrations between groups, there were no significant differences between
depressed and nondepressed subjects in the asymmetry indices (data not shown)

4. Discussion
We observed significant reductions in tNAA, Cho and Cre in a predominantly gray matter
region of the medial prefrontal cortex in patients with geriatric depression who responded to
treatment. These findings demonstrate that older subjects who are generally recovered from
depression, albeit with residual depressive symptoms, exhibit reductions in medial PFC NAA
(by 14%) and choline (by 18%). This is accompanied by decreased energy expenditure, as seen
by a mean 16% reduction in creatine. In contrast, individuals with depression exhibited an 11%
increase in NAA and and a 17% increase in myo-insoitol concentrations in the left medial
temporal lobe, in a region focused on the amygdala. There were no significant differences
between groups in the right medial temporal lobe.

Our results expand upon previous MRS studies in older depressed subjects, although our
findings are somewhat discordant with them; this may be due to differences in brain regions
examined, MRS techniques used, or the treatment status of our subject population. An early
MRS study of the basal ganglia in an elderly population found elevated Cho/Cre concentrations
in depressed subjects, which decreased with antidepressant treatment (Charles et al., 1994);
similar findings have been reported in younger adult populations (Renshaw et al., 1997;
Vythilingam et al., 2003). Other studies have reported elevated levels of choline (Kumar et al.,
2002), myo-insositol (Kumar et al., 2002; Binesh et al., 2004), and glutamate/glutamine (Binesh
et al., 2004) in the dorsolateral prefrontal cortex of older depressed subjects, but did not find
differences in the anterior cingulate cortex (Kumar et al., 2002), which is where we obtained
our prefrontal cortex measure. These differences are intriguing as these previous studies in
older populations primarily examined acutely depressed subjects. It is possible the current
study is identifying trait markers related to risk of depression, while previous studies were
examining state markers of depression, although studies in midlife adults found that metabolite
differences observed in acute depression were not present on remission (Hasler et al., 2005;
Hasler et al., 2007). Testing such a hypothesis requires MRS techniques to be linked to a
treatment study.

Regarding our PFC observations, NAA is considered a marker of neuronal viability (Moffett
et al., 1991; Simmons et al., 1991; Urenjak et al., 1993), while older depressed populations
exhibit reduced density of PFC neurons (Rajkowska et al., 2005). However, more recent work
has demonstrated that NAA may be expressed in mature oligodendrocytes (Bhakoo and Pearce,
2000), and so may reflect the formation and maintenance of myelin (Chakraborty et al.,
2001), thus it is unclear if this finding represents changes in myelination, neuronal loss, or
both. We also found a reduction in choline, which is an essential precursor of acetylcholine
and membrane phospholipids, and associated with membrane turnover. As oligodendrocytes
are involved in membrane turnover, this finding, in conjunction with the NAA finding, suggests
a myelination deficit in the PFC of older depressed, recovered subjects.

Although neurodegenerative processes may contribute to these findings, it is also possible these
differences are related to subcortical hyperintensities, which are more severe in older depressed
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populations (Taylor et al., 2005). This theory is supported by observations that individuals with
more severe white matter hyperintensity disease exhibit decreased NAA, choline, or creatine
(Auer et al., 2001; Murata et al., 2001). This theory does not preclude our findings being related
to local changes in neuronal size or glial density (Miguel-Hidalgo et al., 2000; Cotter et al.,
2001; Si et al., 2004), as these microstructural changes may themselves occur as a result of the
underlying cerebral injury that the hyperintensities represent. Thus the neuronal or glial
changes may be secondary to the same vascular processes that contribute to hyperintensity
development, or represent distant effects of more localized hyperintensity ischemia.

The findings in the left medial temporal lobe may have a different explanation. The observed
higher concentration of NAA and mI, which are neuronal and glial cell markers, supports
previous studies examining the hippocampus of depressed subjects that found increased
neuronal and glial cell packing (Stockmeier et al., 2004). However, this finding is in contrast
to other studies identifying glial reductions in the amygdala in depressed subjects (Hamidi et
al., 2004). In general, the left rather than right amygdala appears more responsive to emotional
stimuli, particularly those stimuli with a negative valence (Chen et al., 2007). MRS studies of
the hippocampal/amygdala region in other psychiatrically ill populations have similarly found
metabolic differences specific to the left hemisphere (Li et al., 2006; van Elst et al., 2007).

One may hypothesize that this finding in the left medial temporal lobe is secondary to reduced
frontal lobe inhibition of the amygdala. Reduced inhibition by the frontal lobe may contribute
to increased left amygdala activity as seen in depression (Drevets, 1999), which may result in
neuronal and glial changes and our current findings. This theory may be supported by our
previous finding of depression-related deficits in the left hemisphere’s uncinate fasciculus, a
fiber tract which connects the amygdala with the prefrontal cortex (Taylor et al., 2007a). This
interpretation of the data should be tempered by the recognition that NAA and mI signals do
not derive solely from cell bodies, and increased cell density would also be expected to affect
Glx and Glu concentrations. More work is needed to better understand hemispheric differences
in medial temporal lobe function and how this is related to psychiatric illnesses.

One methodological advantage to the current study is that MRS data were acquired using 3T
with a relatively modest single-voxel volume (8mL). In contrast, most of the previous studies
used 1.5T scanners with larger voxel volumes (>8mL). Unfortunately even this approach is
not optimal when attempting to measure the amygdala, which is between 1.5–2.0mL in size
(Frodl et al., 2004).

The present study does have limitations, including how the single-voxel placement includes
both gray and white matter, although this was addressed using tissue segmentation, and results
adjusted accordingly. Moreover, we did not adjust for multiple comparisons; had we done so,
our results would not have reached an adjusted level of statistical significance. Thus these
results should be considered as hypothesis-generating, and require replication in larger samples
with greater power to detect definitive differences. Finally, there are issues of the sample, where
they were not matched on handedness or premorbid intellect. Additionally, although the
depressed sample did not meet diagnostic criteria for a current major depressive episode, some
had residual symptoms and would not be considered truly remitted. All but one of the depressed
subjects were taking antidepressant medication, so it is unclear how this may have influenced
our results. Studies examining antidepressant-free subjects are a superior approach, although
such a method is more feasible for examining acute depression, rather than subjects who are
in remission where antidepressant withdrawal may increase the risk of relapse.

In conclusion, our study supports theories implicating prefrontal neuronal or glial loss as a
contributor to late-life depression, a finding that does not necessarily reverse with treatment.
Moreover, we identify findings in the left medial temporal lobe which may be related to reduced
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frontal inhibition of the amygdala. These findings suggest this reduced inhibition may have
persistent microstructural effects in the left temporal lobe. Future studies should address the
limitations of this study, while also examining the relationship between MRS findings and
structural brain measures including measures of white matter hyperintensity severity.
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Figure 1.
In Vivo 1H single-voxel (8cc) MRS by region (71 year old female subject) with LCModel fit.
The trace above each spectrum is the difference between LCModel fit and the experimental
data. All the metabolite peaks are marked.
A) Medial prefrontal cortex; B) left medial temporal lobe; C) right medial temporal lobe. Black
boxes on the images are the corresponding regions of interest examined.
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Figure 2.
Absolute metabolite concentrations (in millimolar, or mM) by region.
A) Medial prefrontal cortex; B) left medial temporal lobe; C) right medial temporal lobe. Dark
gray bars are control subjects, light gray are depressed subjects. Differences significant at p
≤ 0.05 marked with an asterisk.
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