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Abstract

Background�

Accurate differentiation of bipolar and unipolar depression is a key clinical 

challenge. A biological measure that could differentiate bipolar and unipolar 

depression might supplement clinical assessment. Magnetic Resonance 

Spectroscopy measurements of total glutamate and glutamine (Glx) in anterior 

cingulate cortex are one potential measure. The objective of this study was to 

assess the potential performance of this measure. 

Methods�

Meta-analysis of data from eleven studies where anterior cingulate Glx of 

depressed patients has been compared to that of healthy controls was 

performed. Effect sizes for bipolar and unipolar depression were calculated as 

Standardised Mean Differences. The best estimate of test classification 

performance on the basis of observed effects was calculated. 

Results�

People with unipolar depression had on average lower levels of Glx than healthy 

controls (effect size -1.05; 95% CI -.58 to -1.53). People with bipolar depression 

tended towards higher Glx than healthy controls (effect size 0.40; 95% CI -.04 to 

0.85). This yielded a difference in Glx between unipolar and bipolar depression of 

effect size 1.46 (95% CI 0.80 to 2.11). Based on this difference, a test 

differentiating bipolar from unipolar depression by whether Glx was higher or 



lower than the average in healthy population would have sensitivity .66 and 

specificity .85. 

Limitations�

There is an absence of studies directly comparing unipolar and bipolar 

depressed patients. 

Conclusions�

On available data, measurement of anterior cingulate Glx is a promising potential 

tool for differentiation of bipolar and unipolar depression. This potential effect 

requires direct validation within mixed clinical cohorts. 

Keywords:�Bipolar�depression,�Magnetic�resonance�spectroscopy,�glutamate,�glutamine,�major�depressive�

disorder�� �



Introduction

Accurate identification of bipolar depression remains a major clinical challenge. 

Typically within bipolar disorder, episodes of depression predominate (Judd et 

al., 2003) and in practice many people with bipolar disorder are initially 

diagnosed and treated as unipolar depression (Hantouche et al., 1998 Hirschfeld 

et al., 2003; Smith et al., 2011). The adverse impact of missed diagnosis of 

bipolar disorder has been known for some time (Dunner, 2003). As growing 

evidence indicates that the optimal management of bipolar and unipolar 

depression differs substantially, the critical importance of early identification of 

bipolar depression becomes even clearer (Goodwin, 2012). 

Episodes of major depression within bipolar disorder and unipolar depressive 

disorder show substantial overlap in presentation. Although some characteristics 

are more commonly associated with bipolar disorder, at present such differences 

remain probabilistic rather than being sufficient to guide differences in 

management by themselves (Mitchell et al., 2008). A number of screening tools 

have been developed in recent years to identify people most likely to receive a 

diagnosis of bipolar disorder (Angst et al., 2005; Ghaemi et al., 2005; Hirschfeld 

et al., 2000 ). However, even with expert clinical assessment, people who will go 

on to develop bipolar disorder but have as yet only experienced depressive 

episodes cannot be identified accurately. 

A biological measure that could differentiate bipolar and unipolar depression 

would therefore be of interest as a supplement to clinical assessment. It might be 

of benefit clinically where historical information is unclear or contradictory, or as a 



potential research tool in future studies, for example identifying those at highest 

risk of conversion to bipolar disorder. Glutamate neurotransmission has been of 

increasing interest in mood disorders including bipolar disorder in recent years 

(Sanacora et al., 2008). The imaging technique Magnetic Resonance 

Spectroscopy (MRS) allows for safe, non-invasive measurement of glutamate 

levels in the brain. In practice differentiation of glutamate from the related 

chemical glutamine is challenging with MRS, so the total combined glutamate 

and glutamine (Glx) level is often reported. 

There is now a growing literature of glutamate MRS studies in mood disorders. 

An emerging pattern points to decreased Glx in unipolar depression and 

increased Glx in bipolar depression in some brain regions (Gigante et al., 2012; 

Yüksel and Öngür, 2010 ). Here we address quantitatively the question of 

whether this difference might be of diagnostic use, focusing on measures of Glx 

in anterior cingulate cortex, a region known to play an important role in bipolar 

disorder (Strakowski et al., 2012). We employ meta-analysis to quantify the 

differences described by the literature to date, and the extent of uncertainty 

around that estimate, and model the diagnostic test performance that would 

result from this difference. 



Materials and Methods 

Search�strategy�

Studies comparing levels of Glx between people with a current episode of major 

depression and a control population were sought. Studies where the MRS voxel 

encompassed medial prefrontal cortex including pregenual anterior cingulate 

cortex were included. Studies published to January 2014 were identified by 

searches of MEDLINE and EMBASE, reference lists of identified articles, and 

from personal reference collections. 

Data�extraction�

Levels of Glx (mean and standard deviation) within anterior cingulate cortex for 

currently depressed participants and the control population were extracted. 

Levels reported either relative to creatine or tissue water were accepted. Where 

suitable data was not reported in the published article or could not be imputed 

from available data, further details were sought from the authors. No studies 

were excluded on the basis of spectral quality, but it was typical for studies to 

restrict their analysis to metabolite estimates meeting a set criterion e.g. Cramér-

Rao SD less than 20% (Chen et al., 2014). 

Meta-analysis was performed using a random effects model (DerSimonian-

Laird), and standardised mean differences (Hedges’ adjusted g) employed for 

measures of effect given differences in technical approaches employed (Table 



1). Statistical heterogeneity between studies was assessed by I2 (Higgins et al., 

2003) which expresses the percentage of total variation across studies that is 

due to heterogeneity rather than chance. Meta-regression for effect of diagnosis 

was performed using a mixed-effects model (Viechtbauer, 2010). Differences in 

Glx levels between unipolar and bipolar depression were calculated by adjusted 

indirect comparison (Glenny et al., 2005). 

Table�1�near�here�

A receiver operating curve (ROC) was calculated for the ability to differentiate 

bipolar from unipolar depression by Glx level given normal distributions for each 

disorder separated by the estimates of effect size established by meta-analysis. 

ROCs display the sensitivity and specificity of a test across all criterion levels that 

could be chosen. Total area under the curve (AUC) was calculated. An AUC of 

1.0 indicates perfect performance, whereas an AUC of 0.5 indicates performance 

no better than chance alone. Statistical analyses were performed using R

(version 3.0.2) with the meta (version 3.1-2) and metafor (version 1.9-2) 

packages (Schwarzer, 2013; Viechtbauer, 2010). 95% Confidence Intervals (CI) 

for estimates are presented where available. 



Results 

Eleven studies were identified as suitable for inclusion (Table 1). In these studies 

a total of 421 participants provided data. No studies were identified that had 

compared unipolar and bipolar depression directly. Seven studies compared 

anterior cingulate cortical Glx during episodes of unipolar depression to that of 

healthy controls. (In one study, one of 19 depressed participants had a diagnosis 

of bipolar disorder; (Auer et al., 2000)). Four studies compared Glx between 

bipolar depression and healthy controls. Some additional studies of anterior 

cingulate glutamate spectroscopy were identified but could not be included as 

glutamate levels were reported but Glx was not reported and data could not be 

obtained from the authors. 

Figure�1�near�here�

Glx differed significantly between the diagnostic groups (p<.0001). People with 

unipolar depression had on average lower levels of Glx than healthy controls. An 

effect size of -1.05 (95% CI -.58 to -1.53) was found for this difference. There 

was moderately high statistical heterogeneity in estimates between studies (I2

64%). People with bipolar depression tended towards higher Glx than healthy 

controls. An effect size of 0.40 (95% CI -0.04 to 0.85) was found for this 

observation. The result was more consistent across studies, with lower statistical 

heterogeneity (I2 44%). The best estimate of the difference in Glx between 

unipolar and bipolar depression was of effect size 1.46 (95% CI 0.80 to 2.11). 



The ROC analysis (Figure 1B) indicated that overall predicted test performance 

was good with AUC 0.85 (95% CI 0.72 to 0.93). The expected performance for 

differentiating bipolar from unipolar depression by whether Glx was higher or 

lower than the average in healthy population was found to be sensitivity .66 and 

specificity .85. 

Discussion

Here we have addressed quantitatively the question of whether levels of Glx in 

anterior cingulate cortex measured using MRS have the potential to differentiate 

bipolar from unipolar depression. The published literature to date indicates that 

medium to large effect sizes are observed comparing either unipolar or bipolar 

depression to healthy controls. However, since the effects are in opposite 

directions, a very large effect size (1.46) is estimated for the difference between 

bipolar and unipolar depression. 

The ROC expected performance of a test based on this measure has an AUC 

greater than some recent clinical measures, for example differentiation based on 

clinical features alone (Mitchell et al., 2008) has AUC .63 when employed in 

practice (Mitchell et al., 2011). The test would be expected to have similar 

performance to that reported by some clinical screening tools such as Bipolar 

Spectrum Diagnostic Scale (BSDS) (Ghaemi et al., 2005), Hypomania Checklist 

(HCL-32) (Angst et al., 2005) and the Mood Disorder Questionnaire (MDQ) 

(Hirschfeld et al., 2000). A recent application of two of these screening tools in 



primary care estimated AUC for HCL-32 of .81, and for BSDS .71 (Smith et al., 

2011).

The neurobiological interpretation of the difference in Glx levels remains 

uncertain, since differences in Glx could be explained be alterations in either 

glutamate or glutamine levels. As technical advances begin to allow accurate 

differentiation of glutamate from glutamine, changes in glutamine:glutamate ratio 

appear to be more closely related to brain glutamatergic function. It is interesting 

that during unipolar depression some studies have reported reduced glutamine 

(Walter et al., 2009) whereas in episodes of mania an increased ratio has been 

observed (Ongür et al., 2008). 

The differences in anterior cingulate Glx reported may reflect altered 

glutamatergic signalling or neuronal function in that region. In keeping with this, 

recent functional imaging data points to differences between bipolar and unipolar 

depressed individuals in regions including anterior cingulate (Bertocci et al., 

2012; Mourão-Miranda et al., 2012). It is of course possible that similar Glx 

differences by diagnosis may also be demonstrable in other brain regions, since 

a similar trend towards Glx reductions in unipolar depression and elevations in 

bipolar disorder has been noted in other grey matter regions (Yüksel and Öngür, 

2010).

The origins of the heterogeneity in Glx effect observed remain unclear. Some 

studies have suggested the greatest alterations in MRS measures are associated 

with particular clinical characteristics such as anhedonia (Walter et al., 2009), or 

may emerge with disease progression over time (Portella et al., 2011). However, 



against this, one of the greatest magnitude effects in unipolar depression seen 

was in a young population (Mirza et al., 2004). 

Medication is a logical potential confounding factor on any biological measure. 

While included studies vary by mediation status, it seems unlikely to explain the 

overall effect found here. It has proven challenging to demonstrate an direct 

effect of common medications such as the SSRIs on this measure (Taylor et al., 

2010), and even for more novel glutamatergic agents such as ketamine, results 

are mixed (Stone et al., 2012; Taylor et al., 2011). It has also been possible to 

replicate the finding in unmedicated samples (Hasler et al., 2007). It has been 

reported that pretreatment spectroscopic measures may predict in part ketamine 

treatment response, specifically that a surrogate of glutamine concentration may 

do so (Salvadore et al., 2012). Given that ketamine has promising treatment 

effects in both bipolar and unipolar depression (Berman et al., 2000; Zarate et al., 

2012), it is therefore interesting to note that the differences in Glx do not rule out 

underlying similarities in e.g. glutaminergic function across disorders. 

Small differences in voxel positioning between centres could increase 

heterogeneity if the Glx effect was highly localised. However, if the effect is more 

widespread as noted above this would decrease the magnitude of this factor. 

Interestingly one study that included both more dorsal and more ventral voxel 

positions reported a similar effect of diagnosis on Glx in both, whereas an effect 

on GABA levels was more localised (Hasler et al., 2007). 

In usual clinical practice, no biological measure is likely to replace high quality 

clinical assessment. However if differing concentrations of Glx reflect core 



differences in neurobiology between the disorders, they might predate the first 

hypomanic or manic episode. Anterior cingulate Glx therefore warrants study in 

groups at high risk of progression to bipolar disorder as a possible adjunct to 

clinical assessment. As poor response to treatment of depression is associated 

with elevated risk of conversion to bipolar disorder (Li et al., 2012), future studies 

could investigate whether higher Glx levels were predictive of this. 

On available data, measurement of anterior cingulate Glx by MRS is a promising 

potential tool for differentiation of bipolar and unipolar depression. This potential 

effect requires direct validation within mixed clinical cohorts. Future studies could 

investigate in particular whether this imaging measure adds discriminatory ability 

to clinical measures alone or as part of a multi-modal imaging classifier. 



Legends 

Figure�1�

A) Forest plot of standardised mean differences (SMD) with 95% confidence 

intervals of differences in Glx concentration in anterior cingulate cortex 

between currently depressed individuals and healthy controls. Subgroup 

estimates presented for those with unipolar and bipolar depression. Data 

from Portella et al. 2011 presented separately for those with first 

presentation with depression (f) and chronic course (ch). 

B) Receiver operating curve for differentiation of bipolar and unipolar 

depression by measurement of Glx levels in anterior cingulate cortex. Best 

estimate of test performance shown (solid line) with 95% confidence 

intervals (dashed lines) and the line of no effect (dotted oblique line). 

Estimated performance using mean of healthy control Glx levels as criterion 

is shown (dot). 

Table�1�

Characteristics of included studies. 



Ta
bl

e 
1 

S
tu

dy
 

P
ar

tic
ip

an
ts

 

D
ia

gn
os

tic
 

cr
ite

ria

M
ea

n

ag
e 

of
 

pa
tie

nt
s

(y
r)

S
ym

pt
om

se
ve

rit
y

M
ed

ic
at

io
n

st
at

us

M
R

S

ac
qu

is
iti

on
 

M
ag

ne
t

fie
ld

st
re

ng
th

(T
) 

N
ot

es
 

D
ag

er

20
04

32
 b

ip
ol

ar
 I 

or
 

bi
po

la
r I

I, 

pr
ed

om
in

an
tly

de
pr

es
se

d 
or

 

m
ix

ed
 s

ta
te

 v
s 

26
 

m
at

ch
ed

 c
on

tro
ls

 

D
S

M
-IV

 
30

.3
 

H
A

M
D

 (1
7 

ite
m

) 1
7.

7 

+-
 8

.6
 

M
ed

ic
at

io
n

fre
e

P
E

P
S

I 
1.

5 
le

ft 

an
te

rio
r

ci
ng

ul
at

e

da
ta

in
cl

ud
ed

Fr
ye

20
07

26
 b

ip
ol

ar
 I 

or
 

bi
po

la
r I

I 

de
pr

es
si

on
 v

s 
12

 

D
S

M
-IV

 
35

.6
 

M
A

D
R

S
 

27
.5

 +
- 6

.2
 

5 
re

ce
iv

in
g 

lit
hi

um
 

P
R

E
S

S
 

1.
5 



he
al

th
y 

co
nt

ro
ls

 

P
at

el

20
08

28
 b

ip
ol

ar
 I,

 

cu
rr

en
tly

de
pr

es
se

d 
vs

 1
0 

co
nt

ro
ls

K
-S

A
D

S
 

15
.5

 
C

D
R

S
-R

 

63
.2

 +
- 

12
.6

M
ed

ic
at

io
n

fre
e 

at
 ti

m
e 

of
 

sc
an

P
R

E
S

S
 

1.
5 

X
u 

20
13

 
12

 b
ip

ol
ar

 

de
pr

es
se

d 
vs

 2
0 

co
nt

ro
ls

D
S

M
-IV

 
37

 
H

D
R

S
 1

9 
± 

3

M
ed

ic
at

io
n

fre
e

2D
 M

R
S

I 
3 

da
ta

 fr
om

 

12
 m

an
ic

 

pa
tie

nt
s

no
t u

se
d 

A
ue

r

20
00

19
 d

ep
re

ss
ed

 

(o
ne

 b
ip

ol
ar

) v
s 

18
 c

on
tro

ls
 

IC
D

-1
0 

50
.2

 
14

 s
ev

er
e,

 

5 
m

ed
iu

m
 

by
 IC

D
-1

0 

se
ve

rit
y

cr
ite

ria

7 
m

ed
ic

at
io

n 

fre
e 

or
 

se
da

tiv
es

 o
nl

y

P
R

E
S

S
 

1.
5 

P
fle

id
er

er
 

17
 p

at
ie

nt
s 

vs
 1

7 
D

S
M

-IV
 

61
 

M
A

D
R

S
 

A
ll 

bu
t o

ne
 

S
TE

A
M

 
1.

5 



20
03

 
co

nt
ro

ls
 

37
.7

 +
-8

.8
 

pa
tie

nt
 

m
ed

ic
at

io
n

fre
e

M
irz

a

20
04

13
 M

D
D

 p
at

ie
nt

s 

vs
 1

3 
co

nt
ro

ls
 

D
S

M
-IV

 
15

.5
4 

C
D

R
S

-R
 

59
.0

8 
+-

8.
8

P
sy

ch
ot

ro
pi

c

na
iv

e

P
R

E
S

S
 

1.
5 

H
as

le
r

20
07

20
 M

D
D

 p
at

ie
nt

s 

vs
 2

0 
co

nt
ro

ls
 

D
S

M
-IV

 
34

 
M

A
D

R
S

 2
7 

+-
 4

.3
 

U
nm

ed
ic

at
ed

 
P

R
E

S
S

-

ba
se

d 
J-

ed
iti

ng
 

3

H
or

n

20
10

22
 M

D
D

 p
at

ie
nt

s 

vs
 2

2 
co

nt
ro

ls
 

IC
D

-1
0 

37
.6

2 
H

A
M

D
 (2

1 

ite
m

) 1
7.

17
 

+-
 4

.7
4 

A
ll 

pa
tie

nt
s 

m
ed

ic
at

ed

P
R

E
S

S
 

3 

P
or

te
lla

20
11

10
 fi

rs
t e

pi
so

de
 

an
d 

19
 c

hr
on

ic
 

M
D

D
 p

at
ie

nt
s 

vs
 

15
 c

on
tro

ls
 

D
S

M
-IV

-

TR

44
,5

 (f
irs

t 

ep
is

od
e)

50
.9

6

(c
hr

on
ic

)

H
D

R
S

 1
3 

+_
 9

.7
 (f

irs
t 

ep
is

od
e)

21
.3

9 
+-

 

A
ll 

pa
tie

nt
s 

m
ed

ic
at

ed

P
R

E
S

S
 

3 
D

at
a 

fro
m

 

16
 p

at
ie

nt
s 

in re
m

is
si

on



4.
5

(c
hr

on
ic

)

no
t u

se
d 

C
he

n

20
14

15
 M

D
D

 p
at

ie
nt

s 

vs
 1

5 
co

nt
ro

ls
 

D
S

M
-IV

 
27

.8
7 

H
D

R
S

 

23
.3

3 
± 

4.
36

N
o

m
ed

ic
at

io
n 

fo
r 

at
 le

as
t t

w
o 

w
ee

ks
 

P
R

E
S

S
 

1.
5 



References 

Angst, J., Adolfsson, R., Benazzi, F., Gamma, A., Hantouche, E., Meyer, T.D., 

Skeppar, P., Vieta, E., Scott, J., 2005. The HCL-32: towards a self-assessment 

tool for hypomanic symptoms in outpatients. J Affect Dis 88, 217–233. 

Auer, D.P., Pütz, B., Kraft, E., Lipinski, B., Schill, J., Holsboer, F., 2000. Reduced 

glutamate in the anterior cingulate cortex in depression: an in vivo proton 

magnetic resonance spectroscopy study. Biol Psychiatry 47, 305–313. 

Berman, R.M., Cappiello, A., Anand, A., Oren, D.A., Heninger, G.R., Charney, 

D.S., Krystal, J.H., 2000. Antidepressant effects of ketamine in depressed 

patients. Biol Psychiatry 47, 351–354. 

Bertocci, M.A., Bebko, G.M., Mullin, B.C., Langenecker, S.A., Ladouceur, C.D., 

Almeida, J.R.C., Phillips, M.L., 2012. Abnormal anterior cingulate cortical activity 

during emotional n-back task performance distinguishes bipolar from unipolar 

depressed females. Psychol Med 42, 1417–1428. 

Chen, L.-P., Dai, H.-Y., Dai, Z.-Z., Xu, C.-T., Wu, R.-H., 2014. Anterior cingulate 

cortex and cerebellar hemisphere neurometabolite changes in depression 

treatment: A (1) h magnetic resonance spectroscopy study. Psychiatry and 

clinical neurosciences. 

Dunner, D.L., 2003. Clinical consequences of under-recognized bipolar spectrum 

disorder. Bipolar Disord 5, 456–463. 



Ghaemi, S.N., Miller, C.J., Berv, D.A., Klugman, J., Rosenquist, K.J., Pies, R.W., 

2005. Sensitivity and specificity of a new bipolar spectrum diagnostic scale. J 

Affect Dis 84, 273–277. 

Gigante, A.D., Bond, D.J., Lafer, B., Lam, R.W., Young, L.T., Yatham, L.N., 

2012. Brain glutamate levels measured by magnetic resonance spectroscopy in 

patients with bipolar disorder: a meta-analysis. Bipolar Disord 14, 478–487. 

Glenny, A.M., Altman, D.G., Song, F., Sakarovitch, C., Deeks, J.J., D’Amico, R., 

Bradburn, M., Eastwood, A.J., 2005. Indirect comparisons of competing 

interventions. Health Technology Assessment (Winchester, England) 9, 1–134, 

iii–iv. 

Goodwin, G.M., 2012. Bipolar depression and treatment with antidepressants. Br 

J Psychiatry 200, 5–6. 

Hantouche, E.G., Akiskal, H.S., Lancrenon, S., Allilaire, J.F., Sechter, D., Azorin, 

J.M., Bourgeois, M., Fraud, J.P., Châtenet-Duchêne, L., 1998. Systematic clinical 

methodology for validating bipolar-II disorder: data in mid-stream from a french 

national multi-site study (EPIDEP). J Affect Dis 50, 163–173. 

Hasler, G., Veen, J.W. van der, Tumonis, T., Meyers, N., Shen, J., Drevets, 

W.C., 2007. Reduced prefrontal glutamate/glutamine and gamma-aminobutyric 

acid levels in major depression determined using proton magnetic resonance 

spectroscopy. Arch Gen Psychiatry 64, 193–200. 

Higgins, J.P.T., Thompson, S.G., Deeks, J.J., Altman, D.G., 2003. Measuring 

inconsistency in meta-analyses. Brit Med J 327, 557–560. 



Hirschfeld, R.M., Williams, J.B., Spitzer, R.L., Calabrese, J.R., Flynn, L., Keck, J., 

P E, Lewis, L., McElroy, S.L., Post, R.M., Rapport, D.J., Russell, J.M., Sachs, 

G.S., Zajecka, J., 2000. Development and validation of a screening instrument 

for bipolar spectrum disorder: the mood disorder questionnaire. Am J Psychiatry 

157, 1873–1875. 

Hirschfeld, R.M.A., Lewis, L., Vornik, L.A., 2003. Perceptions and impact of 

bipolar disorder: how far have we really come? Results of the national depressive 

and manic-depressive association 2000 survey of individuals with bipolar 

disorder. J Clin Psych 64, 161–174. 

Judd, L.L., Akiskal, H.S., Schettler, P.J., Coryell, W., Endicott, J., Maser, J.D., 

Solomon, D.A., Leon, A.C., Keller, M.B., 2003. A prospective investigation of the 

natural history of the long-term weekly symptomatic status of bipolar II disorder. 

Arch Gen Psychiatry 60, 261–269. 

Li, C.-T., Bai, Y.-M., Huang, Y.-L., Chen, Y.-S., Chen, T.-J., Cheng, J.-Y., Su, T.-

P., 2012. Association between antidepressant resistance in unipolar depression 

and subsequent bipolar disorder: cohort study. Br J Psychiatry 200, 45–51. 

Mirza, Y., Tang, J., Russell, A., Banerjee, S.P., Bhandari, R., Ivey, J., Rose, M., 

Moore, G.J., Rosenberg, D.R., 2004. Reduced anterior cingulate cortex 

glutamatergic concentrations in childhood major depression. J Am Acad Child 

Adolesc Psychiatry 43, 341–348. 

Mitchell, P.B., Frankland, A., Hadzi-Pavlovic, D., Roberts, G., Corry, J., Wright, 

A., Loo, C.K., Breakspear, M., 2011. Comparison of depressive episodes in 



bipolar disorder and in major depressive disorder within bipolar disorder 

pedigrees. Br J Psychiatry 199, 303–309. 

Mitchell, P.B., Goodwin, G.M., Johnson, G.F., Hirschfeld, R.M.A., 2008. 

Diagnostic guidelines for bipolar depression: a probabilistic approach. Bipolar 

Disord 10, 144–152. 

Mourão-Miranda, J., Almeida, J.R., Hassel, S., Oliveira, L. de, Versace, A., 

Marquand, A.F., Sato, J.R., Brammer, M., Phillips, M.L., 2012. Pattern 

recognition analyses of brain activation elicited by happy and neutral faces in 

unipolar and bipolar depression. Bipolar Disord 14, 451–460. 

Ongür, D., Jensen, J.E., Prescot, A.P., Stork, C., Lundy, M., Cohen, B.M., 

Renshaw, P.F., 2008. Abnormal glutamatergic neurotransmission and neuronal-

glial interactions in acute mania. Biol Psychiatry 64, 718–726. 

Portella, M.J., Diego-Adeliño, J. de, Gómez-Ansón, B., Morgan-Ferrando, R., 

Vives, Y., Puigdemont, D., Pérez-Egea, R., Ruscalleda, J., Enric Álvarez, Pérez, 

V., 2011. Ventromedial prefrontal spectroscopic abnormalities over the course of 

depression: a comparison among first episode, remitted recurrent and chronic 

patients. J Psychiatr Res 45, 427–434. 

Salvadore, G., Veen, J.W. van der, Zhang, Y., Marenco, S., Machado-Vieira, R., 

Baumann, J., Ibrahim, L.A., Luckenbaugh, D.A., Shen, J., Drevets, W.C., Zarate, 

J., Carlos A, 2012. An investigation of amino-acid neurotransmitters as potential 

predictors of clinical improvement to ketamine in depression. The international 

journal of neuropsychopharmacology 15, 1063–1072. 



Sanacora, G., Zarate, C.A., Krystal, J.H., Manji, H.K., 2008. Targeting the 

glutamatergic system to develop novel, improved therapeutics for mood 

disorders. Nat Rev Drug Discov 7, 426–437. 

Schwarzer, G., 2013. meta: Meta-analysis with r, ed. 

Smith, D.J., Griffiths, E., Kelly, M., Hood, K., Craddock, N., Simpson, S.A., 2011. 

Unrecognised bipolar disorder in primary care patients with depression. Br J 

Psychiatry 199, 49–56. 

Stone, J.M., Dietrich, C., Edden, R., Mehta, M.A., De Simoni, S., Reed, L.J., 

Krystal, J.H., Nutt, D., Barker, G.J., 2012. Ketamine effects on brain GABA and 

glutamate levels with 1H-MRS: relationship to ketamine-induced 

psychopathology. Molecular psychiatry 17, 664–665. 

Strakowski, S.M., Adler, C.M., Almeida, J., Altshuler, L.L., Blumberg, H.P., 

Chang, K.D., DelBello, M.P., Frangou, S., McIntosh, A., Phillips, M.L., Sussman, 

J.E., Townsend, J.D., 2012. The functional neuroanatomy of bipolar disorder: a 

consensus model. Bipolar Disord 14, 313–325. 

Taylor, M.J., Norbury, R., Murphy, S., Rudebeck, S., Jezzard, P., Cowen, P.J., 

2010. Lack of effect of citalopram on magnetic resonance spectroscopy 

measures of glutamate and glutamine in frontal cortex of healthy volunteers. J 

Psychopharm 24, 1217–1221. 

Taylor, M.J., Tiangga, E.R., Ní Mhuircheartaigh, R., Cowen, P., 2011. Lack of 

effect of ketamine on cortical glutamate and glutamine in healthy volunteers: a 

proton magnetic resonance spectroscopy study. J Psychopharm. 



Viechtbauer, W., 2010. Conducting meta-analyses in r with the metafor package. 

Journal of Statistical Software 36, 1–48. 

Walter, M., Henning, A., Grimm, S., Schulte, R.F., Beck, J., Dydak, U., Schnepf, 

B., Boeker, H., Boesiger, P., Northoff, G., 2009. The relationship between 

aberrant neuronal activation in the pregenual anterior cingulate, altered 

glutamatergic metabolism, and anhedonia in major depression. Arch Gen 

Psychiatry 66, 478–486. 

Yüksel, C., Öngür, D., 2010. Magnetic resonance spectroscopy studies of 

glutamate-related abnormalities in mood disorders. Biol Psychiatry 68, 785–794. 

Zarate, J., Carlos A, Brutsche, N.E., Ibrahim, L., Franco-Chaves, J., 

Diazgranados, N., Cravchik, A., Selter, J., Marquardt, C.A., Liberty, V., 

Luckenbaugh, D.A., 2012. Replication of ketamine’s antidepressant efficacy in 

bipolar depression: a randomized controlled add-on trial. Biol Psychiatry 71, 939–

946.




