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Introduction

Generalized anxiety disorder prevalence is about 6 percent in the 
population [1]. It affects the quality of daily life of involved per-
son via mood disorders like uncontrollable anxiety and psychi-

atric distress [2]. The rate of GAD comorbidity with other psychological 
disorders is high, and this causes different symptoms in patients, which 
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ABSTRACT
Background: From previous studies, we know the correlations of some brain me-
tabolites with a generalized anxiety disorder (GAD) and its symptoms. The response 
of GAD patients to various treatments is not the same and finding the best treatment 
option for each patient takes a long period of time. 
Objective: In this study, we try to examine if there is any relationship between a 
special treatment option and GAD patients’ response and brain metabolite correlation 
with anxiety level change.
Material and Methods: This study is a clinical trial type of studies. We have 
used proton MRS (1H-MRS) with field strength of 3 Tesla to assess whether a different 
treatment option makes different responses based on metabolite changes. We chose 16 
patients based on Hamilton’s anxiety rate and a psychiatrist diagnosis. Patients were 
divided into two groups randomly. Each group took different treatments. Before treat-
ment started, patients underwent MRS imaging and 8 weeks after treatment as well. 
Our study lacked a control group, and the results were analyzed by comparing the 
measured values of metabolites and clinical scores before and after treatment. 
Results: The NAA and Cho concentration increased after treatments and Cr con-
centration remained constant in both groups. Both groups showed improvements 
in their symptoms of anxiety and also in their clinical score rates. Sertraline group 
showed a more increase in NAA concentration than CBT and also a more decrease in 
HAMA and HAMD-17 scores.  
Conclusion: A simultaneously increase in NAA and Cho in both groups and a 
decrease in clinical anxiety levels demonstrate that NAA and Cho concentration are 
associated negatively with anxiety levels. In addition, both CBT and sertraline are ef-
fective in the improvement of anxiety symptoms.
Citation: Mohammadi H, Changizi V, Riyahi Alam N, Rahiminejad F, Soleimani M, Qardashi A. Measurement of Post-Treatment Changes in 
Brain Metabolites in Patients with Generalized Anxiety Disorder using Magnetic Resonance Spectroscopy. J Biomed Phys Eng. 2022;12(1):51-60. 
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these existing different symptoms in patients 
lead into difficult diagnosis [3]. GAD shows 
comorbidity with panic disorder, depression 
[3]. Anxiety disorder causes emotional prob-
lems such as low tolerance level and unsup-
pressed anger and also memory impairment 
[4, 5]. It has a chronic period if not well treat-
ed [6]. For years or decades, GAD patients 
may suffer from their disorders [7]. The sui-
cide rate in GAD patients is higher than other 
anxiety disorders (2.3%) [3]. The neurology is 
unreliable for the theoretical survey [8]. GAD 
causes increased family burden and job dis-
ability [9, 10]. The basic GAD processes may 
also be the cause of other anxiety disorders 
[11]. GAD patient’s response is not good for 
each therapeutic approach and finding the best 
treatment option for each patient takes a long 
time [12]. Selective serotonin reuptake inhibi-
tor (SSRIs) and serotonin and noradrenaline 
reuptake (SNRIs) medications which are used 
to treat GAD [13] cause some problems such 
as nausea and sexual dysfunction and also at 
the beginning of the treatment make anxiety 
symptoms worse [14]. 

Glutamate modulating materials because of 
reducing the toxicity of glutamate and improv-
ing the hippocampal nerves disorder may be 
effective for GAD patients. Recognizing the 
biological factors of the GAD could be help-
ful to understand the neurological mechanism 
and symptomatic change in patients. There are 
studies that have been identified the correlated 
metabolites with GAD. One study on dorsolat-
eral prefrontal cortical pathology has specified 
that GAD with asymmetrical increases in the 
ratio of N-Acetylaspartate/creatine correlated 
[15]. Increasing hippocampal N-Acetylaspar-
tate (NAA) concentration positively is associ-
ated with improvement of anxiety symptoms 
[16]. Symptom severity in GAD patients cor-
related with low choline/NAA ratio in the dor-
solateral prefrontal cortex (DLPFC) of brain 
[17]. Comparison between treatment options 
and brain metabolites changes due to the treat-
ment used may be helpful to know which 

treatment works better or effect faster. This 
comparison could even demonstrate if given 
treatment correlated with different metabolites 
or all treatments correlated with the same me-
tabolites. Magnetic resonance spectroscopy 
is a medical imaging modality that is widely 
used for neuroimaging to assess metabolites 
concentration in the different regions of the 
brain [18]. We used H-MRS to assess the me-
tabolite concentrations in DLPFC before and 
after treatment in GAD patients to see dif-
ferences between cognitive behavior therapy 
(CBT) and treatment with sertraline.

Material and Methods

Subjects
This study is a clinical trial type of studies. 

Sixteen GAD patients (mean age 26.15 years) 
which none of them had pure GAD but all of 
them had comorbidity with other psychiatric 
disorders, mostly depression were entered 
in this study. Patients were diagnosed using 
DSM-IV-TR and psychiatrist examination. To 
determine the patient anxiety level, patients 
answered three sets of questions, including 
generalized anxiety disorder scale 7 (GAD-
7) with cut off score > 4, Hamilton anxiety 
rating scale (HAMA) with cut off score > 14 
and Hamilton rating scale for depression 17 
(HAMD-17) with cut off score > 7. All pa-
tients were diagnosed among students of Teh-
ran University of Medical Sciences and had no 
history of psychological treatments. Patients 
were randomly divided into two groups with 
different treatments. One group received ser-
traline and another one was treated with CBT. 
Before treatment started, patients underwent 
MRS imaging. Then each group was treated 
for 8 weeks with only one of the therapeutic 
approaches as stated above. One group was 
treated with sertraline so that each patient 
received one dose of 100 mg per day. Each 
member of the group, treated with CBT, had 
treatment sessions twice a week, and each ses-
sion was 45 min. After the termination of the 
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treatment period, each patient was reimaged 
with MRS. In this way, we could compare the 
results before and after treatment. Our study 
lacked a control group, and the results were 
analyzed by comparing the measured values 
of metabolites and clinical scores before and 
after treatment. Imaging protocols were per-
formed at the national brain-mapping labora-
tory. All patients signed the consent form be-
fore entering the study. Table 1 summarized 
the demographic characteristics of patients 
participated in this study.

Neuroimaging procedures 
Imaging examinations from subjects were 

performed on a 3.0 Tesla Siemens MR scanner 
(SIEMENS MAGNETOM Prisma). The high 
resolution structural T1 weighted fast spin 
echo sequences (TR/TE 2000/3.5 ms, slice 
thickness 1 millimeter, matrix size= 256×256 
and field of view= 22×22 cm) was imple-

mented on axial plane, then reconstructions in 
coronal and sagittal planes were carried out. 
Using structural images we localized single 
voxel MR spectroscopy in the right and left 
DLPFC. (Figure 1) DLPFC is one of the main 
associated regions with GAD patient’s cogni-
tive process and emotional regulations [3, 19]. 
In addition, a single voxel MRS imaging was 
proceeded using PRESS sequence with 8 cm3 

voxel size(20×20×20 mm3), a field of view= 
22×22 cm2, data points (vector size= 1024, 
96 acquisitions and TR/TE 2000/30). Before 
the spectral measurements starts, B0 magnetic 
field shimming was carried out and water sup-
pression was performed using chemical shift 
selective saturation pulses with 50 HZ band-
width.

Postprocessing of MRS spectrum
Data processing started after completing 

the data acquisition, row data with rda for-

Sample size Age(years) Sex(male/female)
GAD-7 
Score 

HAMA 
score 

HAMD-17 
score 

Sertraline 8 26.5 8/0 8.62 22.87 13.5
CBT 8 25.8 7/1 9.37 22 9.4

HAMA: Hamilton Anxiety Rating Scale, cut-off score >14; GAD-7: Generalized Anxiety Disorder Scale-7, cut-off score 
>4; HAMD-17: Hamilton Rating Scale for Depression-17, cut-off score >7, CBT: Cognitive Behavior Therapy

Table 1: Demographic characteristics and mean clinical questionnaire scores of patients before 
treatment

Figure 1: A) localized voxel and it’s a spectrum in the right dorsolateral prefrontal cortex (DLPFC) 
of the patient’s brain, B) localized voxel and it’s a spectrum in the left DLPFC of the same pa-
tient’s brain.
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mat were processed using JMRU software. In 
the first step phase correction accomplished 
by specifying set reference for water peak at 
4.7 ppm. Then water peak removed using the 
SVD filter (Figure 2A). After that apodization 
was performed with 2 HZ Lorentzian filter to 
reduce the noise effect on the spectrum and 
made it smoother. We used AMRES (advanced 
method for accurate, robust and efficient spec-
tral fitting) package to obtain metabolite peaks 
(Figure 2B). Metabolite concentrations were 
calculated [20, 21, 22] following and we enter 
the chemical shifts of NAA, Cr and Cho (2.02 
ppm, 3.03 ppm, and 3.22 ppm respectively) at 
prior knowledge for spectrums.

Statistical analysis 
Statistical analysis of data was performed us-

ing SPSS software (IBM SPSS statistics 19). 
First, we used the Kolmogorov-Smirnova test 
to verify the normal distribution of data and 
homogeneity of their variance. Then indepen-
dent t-test with a 95% confidence interval and 
significance at P<0.05 was carried out to com-
pare the metabolite concentrations and their 
ratio. We compared the concentrations of me-
tabolites between the two groups of patients. 

This comparison was made both by comparing 
the absolute concentration of metabolites and 
the ratio of the concentration of metabolites 
(Cho/NAA, Cr/NAA and Cho/Cr) before and 
after treatment. We assumed that right and left 
DLPFC and their metabolites have no inter-
action. We also used a paired sample test to 
compare metabolites change in left and right 
DLPFC in both CBT and sertraline group and 
also their clinical scores changes after treat-
ment (Table 2). All results in Table 2 demon-
strate paired variables because their value in-
dicates the difference in post-treatment values 
from pre-treatment values.

Results
Treatment cause metabolite alteration in 

both groups. NAA and Cho changes were 
more than Cr and all of them have shown an 
increase in their concentrations after treat-
ment. Although Cr concentration increased 
after treatment, its increase is not significant 
and in comparison to NAA and Cho it was 
almost constant. Table 2 shows the result of 
the paired sample t-test between right and left 
DLPFC in our groups. Two of the patients in 
the sertraline group experienced worse symp-

Figure 2: A) The result of using the SVD filter to remove the water peak, B) The result of using 
AMARIS filter to calculate the concentrations of the metabolites. The concentration of each 
metabolite is calculated as the integral of the sub-level of that metabolite peak. 
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toms after treatment. The rest of the patients 
showed improvement in their symptoms se-
verity. After treatment, the mean metabolite 
concentrations change in sertraline group 
increased as follows: NAA, Cr and Cho in-
creased in the left DLPFC 12.55%, 0.6%, and 
5.44%, respectively and in the right DLPFC, 
9.96%, 0.21% and 6.5%, respectively. The 
clinical questionnaire scores decreased as fol-
lows: HAMA= 18.03%, GAD-7= 14.5% and 
HAMD-17= 18.5%. In CBT group, in the left 
DLPFC NAA, Cr and Cho increased, respec-
tively 6.16%, 0.35% and 5.55%. In the right 
DLPFC, the increase in metabolite concentra-
tion was as follows: NAA=2.89%, Cr=0.98% 
and Cho=8.72% and the decrease in clinical 
scores of CBT group is as follows: HAMA= 
13.06%, GAD-7= 20.01% and HAMD-17= 
8.24%.

Figure 3, 4 and 5 shows a graphical repre-
sentation of results in both groups.

Discussion
1H-MRS imaging privides the ability to mea-

sure the changes of brain metabolites concen-
trations related to axonal damage status and 
axonal pathogenesis and also neuronal loss 

[23]. The NAA concentration in both left and 
right DLPFC and in both groups increased af-
ter treatment. Although the increase in NAA 
in the sertraline group is more than the CBT 
group, their increase pattern is similar, (Fig-
ure 3I). Following an increase in NAA, pa-
tients symptoms and clinical scores decreased 
(Figure 5). Therefore, there is an inverse re-
lationship between NAA concentration in the 
left and right DLPFC of brain and patient’s 
symptoms severity. The same result has been 
observed due to an increase in hippocampal 
NAA concentration [16]. Sanjay J. Mathew et 
al. [15] demonstrated previously in their study 
on DLPFC cortical pathology that the NAA/
Cr ratio, which is a measure of neuronal vi-
ability, increased in the DLPFC in GAD pa-
tients. This finding is also consistent with our 
study. Consistent with the present study NAA/
Cr concentration increased in the right DLPFC 
[16]. In another study carried out by Chung-
Man Moon et al. [17], the concentration of 
NAA in patients with GAD remains constant, 
contrary to our study. Based on study carried 
out by Chadi G. Abdallah et al. [24], the hip-
pocampus volume reduced in GAD patients 
but patients, after treated with riluzole, have 

1Sertraline 2CBT
Variable 3Mean±SD d.f t-value p-value 3Mean±SD d.f t-value p-value
Left NAA 48.723±31.020 7 4.443 0.003 25.902±32.070 7 2.284 0.056

Right NAA 44.573±30.320 7 4.158 0.004 14.583±33.250 7 1.241 0.255
Left Cr 1.368±7.050 7 0.549 0.600 0.863±10.759 7 0.227 0.827

Right Cr 0.417±7.029 7 0.168 0.871 2.643±10.277 7 0.728 0.490
Left Cho 9.643±9.853 7 2.768 0.028 9.951±4.701 7 5.987 0.001

Right Cho 9.485±10.896 7 2.462 0.043 14.633±8.274 7 5.002 0.002
HAMA -4.125±3.044 7 -3.832 0.006 -2.875±2.850 7 -2.853 0.025
GAD-7 -1.250±2.375 7 -1.488 0.180 -1.875±1.552 7 -3.416 0.011

HAMD-17 -2.50±2.070 7 -3.416 0.011 -1.000±3.295 7 -0.858 0.419
1The group treated with sertraline, 2The group treated with cognitive behavior therapy, 3The mean and SD calculated 
by mean concentration of each metabolite after treatment minus from the concentration of same metabolite before 
treatment. For example: Cr mean and SD = Cr after treatment – Cr before treatment. NAA: N-Acetylaspartate, HAMA: 
Hamilton Anxiety Rating Scale, GAD-7: Generalized Anxiety Disorder Scale-7, HAMD-17: Hamilton Rating Scale for 
Depression-17

Table 2: Paired sample t-test
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shown an increase in hippocampus volume 
and simultaneously the increase in NAA con-
centration was observed.

The concentration of creatine has increased 
slightly, which can be said remains constant 
so none of the treatment has an effect on its 
change (Figure 3II). Cr stores energy in cells 
as high-energy phosphate stores. Cr through 
its buffering role for adenosine triphosphate 
and providing energy from it, protects tissue 
against hypoxia damage. Cr also can simul-
taneously cause neuronal protection against 

glutamate toxicity and β-amyloid [25]. Under 
normal and stress condition Cr and its supple-
ments increase brain function [26]. Most pre-
vious studies have stated that Cr altered in 
mental disorders for example in bipolar dis-
order [27], depressive disorder [28] and panic 
disorder [29]: thus, metabolite/Cr concentra-
tion ratio may cause misinterpretation [30]. 
However, these studies usually examined the 
differences between patients with these disor-
ders and healthy subjects, we examined the ef-
fect of treatment on metabolites concentration 

Figure 3: I) N-Acetylaspartate (NAA) concentration, II) Cr concentration and III) Cho concen-
tration in left and right dorsolateral prefrontal cortex (DLPFC) before treatment 1 and after 
treatment 2. The vertical axis indicates the concentration of the metabolite and the numbers 
1 and 2 on the horizontal axis indicate MRS imaging from patients before and after treatment, 
respectively. The letters A and B specify cognitive behavior therapy (CBT) and sertraline groups, 
respectively.
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Figure 4: I) Cho/NAA, II: Cho/Cr and III) Cr/NAA concentration ratio before treatment (1) and 
after treatment (2). The vertical axis indicates the metabolite concentration ratio. The letters A 
and B specify cognitive behavior therapy (CBT) and sertraline groups respectively. 

Figure 5: I) Hamilton anxiety rating scale scores, II) generalized anxiety disorder scale 7 scores 
and III) Hamilton rating scale for depression 17 scores in cognitive behavior therapy (CBT) group 
(A) and sertraline group (B) before treatment (1) and after treatment (2). 
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alteration only in GAD patients and healthy 
subjects participated in our study. Thus, the 
present study states that in GAD patients 
treated with sertraline and CBT, metabolite/
Cr concentration ratio may be reliable due to 
the constant Cr concentration. In contrary to 
our finding, in the patient with border line per-
sonality disorder (BPD), the Cr concentration 
decreased in the left amygdala [28]. 

As noted in our study, the Cho concentration 
in both left and right DLPFC increased after 
treatments (Figure 3). Therefore, the Cho/Cr 
ratio has also increased due to the constant con-
centration of Cr (Figure 4). Simultaneously, 
with increase in Cho concentration, the anxi-
ety levels decreased. In the synthesis of acetyl-
choline used in cholinergic neurotransmission, 
Cho is an essential element [17]. Brain devel-
opment, human cognitive processes, memory, 
and learning are correlated with Cho [31, 32]. 
Finding of a previous study [17] indicated that 
an increase in the Cho concentration level cor-
related with a decrease of anxiety levels which 
is in consistent with our study. Moreover, in 
Ferguson et al. study, a positive correlation 
demonstrated between the level of Cho con-
centration and cognitive functions [33]. The 
present study shows both treatments cause an 
increase in Cho concentration so that both are 
effective in cognitive functions improvement 
and decrease of anxiety level.

As is clear from the above statements, our 
study results are consistent with some studies 
and contradict with others. Therefore, there 
are many contradictions between the findings 
of previous studies with each other as well. 
To overcome these ambiguities, more studies 
are needed for anxiety disorders. The present 
study compared the efficacy of two different 
treatments in GAD patients simultaneously 
in one particular region of brain. Sertraline is 
more effective in increasing NAA than CBT 
(Figure 3). However, in other metabolites, 
there are no significant differences between 
these groups. NAA and Cho both increased in 
groups but their ratio has changed in the op-

posite direction, especially in the right DLPFC 
(Figure 4). Therefore, their ratio is unreliable 
for interpretation. Another interesting finding 
is that both treatments caused improvement in 
anxiety symptoms and decrease in anxiety lev-
els although sertraline caused more decrease 
in HAMA and HAMD-17 than CBT (Figure 
5), and sertraline impact is greater. It is im-
portant to note that CBT has no pharmaceuti-
cal side effect and also unlike sertraline dose 
not worsen the anxiety symptoms in some 
patients. Therefore, researches on other treat-
ments and drug treatments may be helpful for 
GAD patients. Some of the limitations in this 
study are the small sample size (8 participate 
in each group) and lack of control group.

Conclusion
This study suggests that NAA and Cho con-

centration associated negatively with anxiety 
levels in GAD patients and treatment with 
sertraline and cognitive behavior therapy both 
are effective in improving the symptoms of 
the anxiety. Future studies can measure the ef-
fectiveness of both treatments simultaneously 
and compare them with when we use only one 
treatment.
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