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Abstract 
 
Objectives: The anterior cingulate is thought to be essentially involved in impulsivity and affect regulation 
and in the pathogenesis of depression as well as of attention deficit/hyperactivity disorder. At the same time 
alterations in glutamatergic neurotransmission in the frontal forebrain have been found in imaging studies in 
Attention Deficit Hyperactivity Disorder (ADHD) and in depressive patients. Therefore we hypothesized that 
glutamate/glutamine (Glx) signals in the anterior cingulate cortex (ACC) of depressed ADHD patients might 
differ from that in non-depressed patients. Methods: Fourteen male adult patients with ADHD were included 
into the study. Chemical Shift Imaging of ACC was performed. Subgroups were defined based on scores on 
the Beck Depression Inventory (BDI) and ratios of metabolites were compared between groups. Additionally 
correlation analyses of BDI scores with metabolite ratios were calculated. Results: Significantly lower Glx 
signals and N-acetyl-aspartate (NAA) signals were found in the left anterior cingulate cortex of depressed 
ADHD patients. The Glx/Cr and NAAX/Cr ratios in the left ACC correlated significantly with BDI-scores. 
Conclusions: To our knowledge this is the first report about a relationship between depressive symptoms 
and metabolite disturbances in ACC of adult patients with ADHD. Our preliminary data produce first evi-
dence for a putative link between neurochemical alterations in the ACC and depressive symptoms. They 
should be controlled for in further studies. 
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1. Introduction 
 
Most psychiatric disorders are known to be overrepre- 
sented in ADHD patients throughout the life from child- 
hood into adulthood. Psychiatric comorbidities include 
alcohol and other substance abuse as well as mood and 
anxiety disorders and borderline and antisocial personal- 
ity disorders [1-4] . Co morbidities with differential types 
of depression – major depressive disorder (MDD), dyst- 
hymia and brief recurrent depression – are particularly 
common [5]. This might be due to underachievement in 
school, further education and professional life as well as 
to frequent interpersonal problems in the family and rela- 
tionships. Depression in ADHD patients is often atypical. 
Anhedonia and physiological concomitants of depression 
are often absent whereas restlessness and inattention 
seem to be dominant [1,6]. 

Dopaminergic disturbance is thought to be a crucial 
pathogenetic mechanism in ADHD [7,8]. Additionally, 
glutamatergic alterations in the prefrontal cortex have 
been thought to be involved in the pathogenesis of this 
disorder in children [9,10] as well as in adults [11]. At 
the same time glutamatergic disturbances in prefrontal 
cortex and in particular in the anterior cingulated cortex 
(ACC) have been reported in MDD [12,13] and in some 
disorders in association with depressive symptoms 
[14,15]. 

Proton-Magnet-Resonanz-Spectroscopy (1H-MRS) is a 
non-invasive method which allows to detecting signals 
from neurometabolites in vivo. Amongst others N-ace- 
tylaspartate (NAA), N-acetylaspartate-glutamine (NAAG) 
– taken together – NAAx, creatine and phosphocreatine 
(Cre), choline compounds (Cho), glutamate and gluta- 
mine (Glx) and myo-inositol (Ins) can be measured with 
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1H-MRS [16]. 
Based on the observations summarized above we 

wanted to analyse in this study if glutamate signals in the 
prefrontal cortex are altered in relation to symptoms of 
depression in adult patients with ADHD. 
 
2. Methods 
 
Approval from the local ethics committee was obtained 
before onset of the study. 

The data presented here are part of larger and ongoing 
project at the University Hospital of Freiburg in which 
we attempt to define the cross-sectional and longitudinal 
neuroanatomy and neurochemistry in adult ADHD pa- 
tients [Freiburg ADHD Imaging Study in Adults (FAISA)] 
and had been partly reported elsewhere [11,17]. 

Fourteen male ADHD patients (age 31.0  11.0) from 
our out-patient department were included in this study. 
The previous and current medication experiences and 
comorbidity of other psychiatric (including major de- 
pression) and neurological diseases which may affect 
brain metabolism served as exclusion criteria for this 
study. That means that none of the subjects included did 
suffer from clincally relevant depressive disorder ac- 
cording to DSM-IV or ICD-10 criteria. Psychometric 
assessment included the Wender Utah Rating Scale 
(WURS [18]; German version [19]) and the ADHD 
check list, corresponding to the DSM-IV criteria. All the 
patients suffered from combined subtype of ADHD. Sub- 
liminal symptoms of depression at time of scanning were 
assessed using the Beck Depression Inventory (BDI) 

[20].  
Spectroscopic data and anatomical 3D datasets were 

obtained on a 1.5 Tesla MR-scanner (Magnetom Sonata, 
Siemens Erlangen, Germany). The method of Chemical 
Shift Imaging (CSI) was employed with the following 
parameters: TR = 1670 ms, TE = 3.9 ms, TI = 1100 ms, 
flip angle = 15 degrees, matrix 256 × 256 pixel, FOV = 
256 × 256 cm2. The previously published LC-algorithm 
[21] in combination with the CSILcmodel-Tool [22] was 
used for postprocessing of the data, the Cramer-Row 
lower bound values smaller then 20% were used as a 
quality criterion. The regions of interest (ROI) covering 
the right and left ventral ACC were placed manually by a 
neuroanatomically trained rater (EP) in a blinded way. 
Only selected parts of the ROI without contamination 
with CSF were included. Ratios of metabolites (NAA, 
Cho, Glx and Ins) to Cre were calculated following es-
tablished procedures in LC-Model (Figure 1). 

The software program SPSS 13.0 was used for statis- 
tical analysis. Subgroups with respect to subliminal de- 
pressive symptoms (n = 7 for each) were defined by me- 
dian split of the overall group (13) based on BDI-scores. 
Multiple analysis of covariance (MANCOVA) with me- 
tabolites to Cre ratios (Glx, NAA, Cho, Ins) as dependant 
variables and age, scores of ADHD-CL and WURS as 
covariates were chosen independently for the right and 
left ACC. Additionally a Pearson correlation coefficient 
for BDI scores and metabolite signals was calculated. A 
p-value of 0.05 was chosen here as the criterion of sig- 
nificance. 

 
 

 
[MRS = Magnet Resonance Spectroscopy, Cre = Creatine, NAA = N-acetylaspartate, Cho = Choline, mI = Myoinositol, Glx = Glutamate + Glutamine] 

Figure 1. CSI-voxels localization on a superposition of the MRS slice onto the anatomical data set (in red – selected voxels) 
and MR spectrum of the anterior cingulum. 
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3. Results 
 
The groups did not differ with respect to age, education 
and values of WURS and ADHD-CL scores (Table 1). 

We found a significant influence of the factor group 
(ADHD patients with higher versus lower BDI scores) in 
multivariate Wilks-Lambda-test for the left (F = 7.515; 
df = 5.00; p = 0.024) but not for the right (F = 0.37; df = 
5.00; p = 0.822) ACC. MANCOVA revealed that the 
more depressive patients with ADHD displayed signifi- 

cant reductions in NAA and Glx signals in the left ACC. 
There were no significant differences with respect to 
other MRS signals (Table 2) 

The correlation analysis revealed a significant nega- 
tive correlation between the BDI-scores and Glx/Cr ra- 
tios (r = 0.610; p = 0.02) and NAA/Cr ratios (r = 0.654; p 
= 0.01) in the left ACC. There were no significant corre- 
lations of BDI-scores and any other metabolite concen- 
tration in the right or left ACC. The scatter plots of the 
correlation analyses are presented in Figures 2 and 3. 

 
Table 1. Patient assessment. 

 
Complete 

n = 14 
Depressive 

n = 7 
Non-depressive 

n = 7 
Statistics 

Age 31.0  11.0 27.2  5.8 32.4  10.1 t = 1.196; df = 9.55; p = 0.255 

Years of school education 12.4  1.3 12.1  1.5 12.6  1.1 t = 0.612; df = 11.29; p = 0.552 

WURS 62.4  10.8 61.4  12.7 63.4  9.3 t = 0.335; df = 11.01; p = 0.744 

ADHD-CL 25.5  4.4 25.1  5.7 26.4  2.8 t = 0.535; df = 8.64; p = 0.606 

BDI 13.3  5.7 17.7  2.4 8.9  4.4 t = –4.682; df = 9.38; p = 0.001 

Spectroscopic findings 

 
Table 2. Spectroscopic findings. 

 

 

Figure 2. Correlation between BDI-value and Glx/Cr ratio in left ACC. 

ROI Metabolite/Cr Side 
More depressive 

n = 7 
Less depressive 

n = 7 
Statistics 

left 1.33  0.11 1.53  0.22 F= 5.004; df = 1; p = 0.045 
NAAx 

right 1.41  0.21 1.38  0.25 not significant 

left 0.31  0.04 0.34  0.02 not significant 
Cho 

right 0.32  0.02 0.32  0.03 not significant 

left 0.85  0.17 0.79  0.11 not significant 
Ins 

right 0.89  0.13 0.84  0.05 not significant 

left 1.62  0.23 2.22  0.64 F = 5.283; df = 1; p = 0.040 

ACC 

Glx 
right 1.61  0.29 1.79  0.51 not significant 
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Figure 3. Correlation between BDI-value and NAAx/Cr ratio in left ACC. 
 

We found no significant correlation between WURS- 
or ADHD-CL-scores and any neurometabolite. 
 
4. Discussion 
 
In this pilot study we specifically tested the hypothesis of 
an influence of subliminal depressive symptoms as 
measured with BDI on the glutamatergic neurochemistry 
in adult male patients with ADHD. We did find prelimi- 
nary evidence for alterations in glutamatergic metabo- 
lism and, additionally, in NAA signals, both in the left 
ACC in the group of patients with depressive symptoms. 
Supporting the noting of a pathogenetic link between 
depressive symptoms and left ACC NAA and Glx me- 
tabolism, we found a significant and rather strong corre- 
lation between Glx/Cr and NAAX/Cr ratios in the left 
ACC and BDI-scores. 

To our knowledge this is the first report of such a link 
between ACC Glx signals and depressive symptoms in 
adult ADHD. The prefrontal glutamatergic neurons 
modulate the release of other neurotransmitters including 
dopamine and serotonin in the midbrain [23]. The dopa- 
minergic system is well known to be important in the 
pathogenesis of ADHD. The dopaminergic neurotrans- 
mission of course is of critical importance for depression. 
Furthermore, in our recent study we reported lower 
Glx-signals in the ACC of adult patients with ADHD 
compared to healthy controls [11]. On the other hand 
there is an increasing body of evidence for disturbed 
glutamatergic neurotransmission in MDD and depressive 
comorbidity in medical disorders like for example dia- 
betes mellitus [12-15]. NAA, a marker of functional or 
structural integrity of the neurons, has also been reported 
to be altered in ADHD but not in MDD [5,24]. 

There are many limitations to this pilot study. First of 

all the number of included subjects is very small. Second, 
the results have been obtained only in male subjects and 
therefore cannot be generalized to females. Most impor- 
tantly, there is no control group of healthy subjects or 
patients with depressive symptoms without ADHD and 
for that reason we cannot conclude if or not this associa- 
tion might be restricted to ADHD patients or not. The 
precise meaning of altered Glx or NAA signals with re- 
spect to specific pathophysiological mechanisms are also 
not yet resolved. 

Therefore, these findings have to been taken with cau- 
tion and should be regarded as preliminary evidence or 
hypothesis-generating evidence which does need replica- 
tion. 

Nevertheless, we feel that when looking at the raw 
data with respect to group differences and correlation 
analyses the signal seems to be rather strong and valid. 
Therefore, further research should aim at establishing if 
or not there is an association between left ACC gluta- 
mate metabolism and if this is restricted to subliminal 
symptoms or ADHD patients only. If this relationship 
could be established for depressive symptoms in general 
irrespective of severity and neuropsychiatric comorbidity 
such a signal could be of relevance as possible neuro- 
biological marker of depressive symptoms in general. 
Further studies in ADHD patients should analyze possi- 
ble relationships between depressive symptoms and 
neurochemical findings. Vice versa, further MRS studies 
in ADHD should be controlled for possible influence of 
subclinical depressive symptoms on glutamatergic signal 
in order to avoid the misinterpretation of the findings. 
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