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Abstract 

Background: Hashimoto’s thyroiditis (HT) is a known autoimmune disease of the thyroid gland 
and is usually associated with cognitive disorders. Aim: To investigate the utility of brain mag-
netic resonance spectroscopy (MRS) and diffusion tensor imaging (DTI) in the detection of any 
metabolic or microstructural changes in HT patients who have normal conventional brain MRI, 
in correlation to thyroid peroxidase antibodies (TPOAb) levels and disease duration. This case-
control study involved 40 patients with HT and 20 healthy controls. All the patients were eu-
thyroid at the examination time and underwent hormonal assessment (TSH, T3, T4), TPOAb ti-
ter, brain MRS, and DTI. Correlations between MRS ratios, DTI values, TPOAb titer, and disease 
duration were performed. Results: Lower NAA/Cr and higher mI/Cr ratios in posterior cingulate 
gyrus (PCG) and parietal white matter (PWM) were observed in patients than in healthy con-
trols (p= 0.001). A lower value of fractional anisotropy (FA), radial diffusivity (RD), and higher 
mean diffusivity (MD), and axial diffusivity (AD) were observed in patients versus control 
groups. Moderate positive correlation between disease duration and mI/Cr in PCG and PWM 
areas, and RD in the corpus callosum (p= 0.021, 0.013, 0.025, respectively), a moderate negative 
correlation between TPOAB and NAA/Cr in PCG, FA in the posterior limb of the internal capsule 
(PLIC) (r=− 0.536, p= 0.001, r= –0.436, p= 0.028 respectively). Conclusion: Brain MRS and DTI 
showed metabolic and microstructural changes in neurocognitive-related regions in patients 
with HT, which will help in understanding the concomitant neurocognitive deficits and disease 
management. 
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Introduction 

Hashimoto’s thyroiditis (HT) is a known 
autoimmune disease of the thyroid 
gland(1,2). The prevalence of HT is about 10-
12% among all populations, with middle-
aged women being the more frequently 
affected group(1,2). It is usually associated 
with affective and cognitive disorders, 

which are commonly overlooked, with a 
progressive course, and can affect the pa-
tient’s quality of life(2,3). Few studies are 
concerned about the presence of cogni-
tive disorders in patients who have HT and 
who are euthyroid, in whom there are 
memory, focusing, and attention difficul-
ties(4-8). In clinical practice; cognitive 
event-related potentials (ERP) represent 
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the way to assess both cognitive and intel-
lectual functions in an objective way(9-13), 
this clinical assessment needs the active 
contribution of the examined patient and 
represents an indicator of functional activ-
ity and integrity at the cortical and subcor-
tical neural networks levels of the brain(11-

17). The conventional brain MRI displays 
normal brain features in the majority of 
patients, the remaining patients were 
manifested by many patterns that are 
non-specific as the presence of vasogenic 
edema, features suggesting demyelinat-
ing, ischemic-like processes, or even brain 
atrophic changes(3,6-8). The newly ad-
dressed functional MR techniques enable 
the assessment of metabolic and micro-
structural alterations and allow deeper 
evaluation of the brain at both pathophys-
iological and cellular levels. Magnetic res-
onance spectroscopy (MRS) enabled the 
detection of any metabolic abnormalities 
or changes, even when the brain ap-
peared structurally normal on conven-
tional MRI(10). A newly developed promis-
ing technique; diffusion tensor imaging 
(DTI) can detect and evaluate the brain 
structural changes or abnormalities in 
many various diseases, and expressed 
through objective measurable values 
known as fractional anisotropy (FA), and 
axial diffusivity (AD), mean diffusivity 
(MD), radial diffusivity (RD)(11-17). These 
previously mentioned advanced MR tech-
niques can provide potentially unique data 
and new insight and give clearer data 
about the pathophysiology of HT-induced 
CNS changes. This study aims to investi-
gate the role and utility of magnetic reso-
nance spectroscopy (MRS), and diffusion 
tensor imaging (DTI) of the brain in the 
detection of any metabolic or microstruc-
tural alterations in patients with HT who 
have normal conventional brain MRI, in 
correlation to thyroid peroxidase antibod 
 
 

ies (TPOAb) levels and disease duration. 

Subjects/Materials and Methods 

This study was approved by the local insti-
tutional ethics committee, and all study 
participants signed a written informed 
consent. 

Patients 
This current study is a case-control study 
that included 40 Hashimoto thyroiditis 
(HT) patients (29 females and 11 males), 
and another 20 healthy control subjects 
(13 females, and 7 males), over a period 
from June 2021 to June 2023. Patient’s in-
clusion criteria are; a) Patients > 18 years 
old with Hashimoto’s thyroiditis diag-
nosed on a clinical basis, laboratory (high 
serum level of thyroid peroxidase autoan-
tibodies; TPOAb), and classic thyroid so-
nographic features of HT(1), b) All patients 
showed normal thyroid hormones levels 
(euthyroid) and on regular treatment at 
the scheduled brain MRI examination 
time. While the control group included 
healthy volunteers with matched parame-
ters concerning the age and gender of the 
study group. The exclusion criteria for 
both patient and control groups included: 
a) patients with chronic diseases (renal, 
cardiac, or diabetes mellitus), psychiatric 
disorders, and previous traumatic, vascu-
lar, neoplastic, or immunological CNS dis-
orders. b) Contraindications to MRI and 
claustrophobia. All patients had Rt. Hand-
ed predominance at the time of the MRS 
and DTI examination. All participants un-
derwent history taking, ultrasound exam-
ination of the thyroid gland, Laboratory 
tests, and brain MRI examination includ-
ing conventional, MRS, and DTI. 

History taking 
Demographic information, complaints of 
decreased concentration, attention span 
time, memory, or sleep abnormalities.  
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Laboratory investigation 
Thyroid hormonal profile (free T3, free T4, 
TSH, and TPOAb).  
 
MRI examination of the brain 
MRI scanner; Philips Medical Systems, 
Achieva 1.5 T A-series; was used for brain 
MRI scan performance. Interpretation of 
brain MRI studies was done by two radi-
ologists who were blinded to patients’ da-
ta either clinical, or laboratory, and of 15 
years of experience in neurological MRI. 
Brain MRI imaging studies included con-
ventional, MRS, and DTI studies of the 
brain, as in the following protocols: 

1- Conventional MRI sequences 
Examination protocol included axial T1W1, 
axial T2W1, axial FLAIR, sagittal T1W1, and 
coronal T1W1 according to the standard 
protocol.  

2-Magnetic resonance spectroscopy (MRS) 
A single-voxel spectroscopy method 
(PRESS sequence) was performed (TE; 30 
ms, TR; 1400 ms, no. of acquisitions; 128, 
excitations number; 8). The voxel size was 
2x2x2 cm and was placed in 2 regions; left-
sided parietal white matter (PWM), and 
the cortex of the posterior cingulate gyrus 
(PCG). The spectrums were automatically 
generated to fit (4) known peaks (N-acetyl 
aspartate (NAA); 2.02 ppm, total creatine 
(Cr); 3.03 ppm, choline-containing com-
pounds (Cho); 3.23 ppm, and myoinositol 
(mI); 3.56 ppm).  

3- Diffusion tensor imaging (DTI) 
The protocol involved a fat-suppressed 
single shot spinecho, echoplanar se-
quence with (TR/TE; 2,800/80 ms, matrix; 
128 × 128, the field of view (FOV); 235 mm, 
and 5 mm slice thickness). Acquisition of 
30 diffusion encoding directions at (b = 0, 
1,000 s/mm2) was done. 

d) Post-processing of MRS and DTI images 

Post-processing Consol (software version 
2.0; Philips), and FSL post-processing pro-
grams were used for MRS and DTI raw-
data post-processing, respectively. 1) Post-
processing of MRS images enabled auto-
matic calculation and assessment of me-
tabolite different ratios (NAA/ Cr, Cho/Cr, 
and mI/Cr). 2) Post-processing workflow 
of DTI images involved the reconstruction 
of color-coded fractional anisotropy (FA), 
and mean diffusivity (MD) maps. Placing 
the regions of interest (ROIs) of (8 to 10 
mm2 size) was done with the aid of ana-
tomic references to color-coded FA map, 
T1, and FLAIR images. FA, MD, axial diffu-
sivity (AD), and radial diffusivity (RD) val-
ues were obtained automatically. Accord-
ing to known previous literature which 
site the most frequently affected loca-
tions in patients with encephalopathy due 
to HT (1, 4-8); fifteen neuroanatomical are-
as were examined in both patient and 
control groups, as the following; anterior 
and posterior limbs of the internal capsule 
(PLIC), Cingulum gyrus, corpus callosum 
(genu and splenium), basal ganglia, thal-
amus, corona radiata, superior and inferi-
or longitudinal fasciculus, cerebellar white 
matter, white matter of frontal and parie-
tal lobes (Figure 1). 

Statistical analysis 

For analysis, IBM Corporation, Armonk, 
New York's SPSS, windows version 22.0 
was utilized. Numbers and percentages 
are used to represent categorical data, 
while mean ± SD and Fisher's exact test 
are used to analyze numerical data. Nor-
mally distributed continuous variables are 
compared using one-way ANOVA or un-
paired Student's t-test, with Bonferroni 
post hoc correction applied when neces-
sary for between-group comparison. To 
compare DTI data, the Mann-Whitney U 
test was employed. The statistical signifi-
cance level is defined as P < 0.05. TPOAb 
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levels and the length of illness were eval-
uated for their impact on MRS, and DTI 

metrics using Spearman correlation.  

 

 

Figure 1. Region of interest (ROI) placement in a 37-year-old female patient with Hashimoto’s 
thyroiditis, as the following: (A) for color-coded fractional anisotropy map, (B) mean diffusivity 

map measurements at the left caudate nucleus (red circle) and left putamen (green circle). 

 

Results 

This study involved 40 patients with HT 
(29 females and 11 males, with ages rang-
ing from 19–57 years, and a mean age of 
40.1 years), and 20 control participants (13 
females, and 7 males, with an age mean of 
41.3 years, and age ranged from 18-57 
years). All patients were at the euthyroid 
status with normal serum fT3, fT4, and 
TSH levels. There are no statistical differ-

ences between patients and controls con-
cerning demographic features such as 
gender, age, body mass index (BMI), and 
thyroid hormone levels. Meanwhile, as 
described in (Table 1), TPOAb levels were 
of higher values in patients with HT 
(471±342 IU/ml, P < 0.001). Patients with 
HT were of (3 to 16 years) disease dura-
tion, with the average duration of the dis-
ease being 30 months. 

 
Table 1. Characteristics of the study groups 

Variable Control group 
(n=20) 

HT group 
(n=40) 

P value 

Gender, females/males 13/7 29/11 0.612 

Age, years 41.36+19.65 40.12+18.79 0.081 

TBOAb (IU/ml) 7.2+1.65 471+342 <0.001 

fT3 (pg/ml) 2.83+0.41 2.84+0.42 0.415 

fT4 (ng/dl) 1.12+0.13 1.17+0.16 0.452 

TSH (UIU/ml) 1.71+1.12 1.81±1.61  0.395 
HT= Hashimoto’s thyroiditis, TBOAB= thyroid peroxidase antibodies, fT3= free T3 hormone, fT4= free T4 hor-
mone, TSH= thyroid stimulating hormone. 
*P value < 0.05 considered significant 

Correlation between magnetic resonance 
spectroscopy (MRS) measurements and 
thyroid hormone levels: The study revealed  

statistically significant differences be-
tween patients and controls concerning 
MRS measurements; as follows, lower 
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NAA/Cr ratio in HT patients than in the 
control group (P=0.001), meanwhile, a 
higher mI/Cr ratio was observed in HT pa-
tients than in controls (P= 0.001). A signif-
icant positive moderate correlation is not-
ed between the mI/Cr ratio in the PCG ar-
ea and serum TPOAb level (r= 0.491, P= 
0.014), as displayed in (Figure 2). While the 
NAA/Cr ratio in the PCG area displayed a 
moderate negative correlation with the 
serum TPOAb level (r= − 0.536, P= 0.001). 
However, the metabolic ratios in parietal 
white matter elicited no significant corre-

lations to the TPOAB level (P= 0.59). The 
study evoked a moderate positive correla-
tion between disease duration and the 
mI/Cr ratio measurement in both the PCG 
and PWM areas (r= 0.477, P= 0.021; r= 
0.519, P= 0.013, respectively), as described 
in (Figure 3). While a moderate negative 
correlation between the disease duration 
and the NAA/Cr ratio measurement was 
observed in both PCG and PWM regions 
(r= -0.468, P= 0.002; r= − 0.492, P= 0.003; 
r= − 0.418, P= 0.01) respectively. 

 

 

Figure 2. Scatter plots showed a moderate positive correlation is not-
ed between the mI/Cr ratio in the posterior cingulate gyrus area (mI/Cr 

PCG) and TPOAb level (r = 0.491, p = 0.014). 

Diffusion tensor imaging (DTI) measure-
ments and thyroid hormones correlation: 
The study evoked obvious differences 
among patients and controls regarding 
detected fractional anisotropy (FA) val-
ues, which were lower in patients than in 
controls in the cingulum, globus pallidus 
(GP); P value (= 0.001), and cerebellar 
white matter (CWM); P value (< 0.001). 
While the mean diffusivity (MD) values of 
CWM recorded higher values in the pa-
tient rather than in the controls (P= 
0.003). The Radial diffusivity (RD) values 
at the cingulum and CWM were higher in 

HT patients versus controls (P< 0.001, and 
0 .01 respectively). Also, the axial diffusivi-
ty (AD) values at the putamen, cingulum, 
GP, and posterior limb of the internal cap-
sule (PLIC) areas were observed to be of 
lower values in patients versus the con-
trols (P= 0.033, 0.023, 0.027, 0.031) re-
spectively. As described in (Tables 2, and 
3), all DTI measurement values data in dif-
ferent neuroanatomical regions were rep-
resented. This study demonstrated a 
moderate negative correlation between 
serum TPOAb levels and PLIC fractional 
anisotropy (r= –0.436, P= 0.028); (Figure 
4). A moderate positive correlation be-

TPO-

Ab 

levels 

mI/Cr PCG 
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tween serum TPOAb levels and corona 
radiata mean diffusivity (r= 0.523, P= 
0.021). While a moderate positive correla-
tion was recorded between the mean du-
ration of disease and splenium of the cor-

pus callosum radial diffusivity (r= 0.547, P= 
0.025). As regards the intra-observer bias; 
there was excellent intra-observer con-
sistency for the analysis and measure-
ments (0.982). 

 
Table 2. Measurements of DTI parameters (FA and MD) in different neuroanatomical  

areas of both study groups 

Anatomical 
area 

Fractional anisotropy (FA) 
P value 

Mean diffusivity (MD) 
(x 10−3 mm2/second) 

P value 
Control 
(n=20) 

HT 
(n=40) 

Control 
(n=20) 

HT 
(n=40) 

CWM 0.386+0.07 0.186+0.07 <0.001* 0.699+0.02 0.896+0.07 0.003* 

Cingulum 0.698+0.02 0.475+0.01 0.001* 0.773+0.04 0.787+0.06 0.679 

ALIC 0.571+0.02 0.575+0.01 0.841 0.776+0.03 0.764+0.04 0.872 

PLIC 0.713+0.03 0.722+0.04 0.316 0.712+0.07 0.709+0.7 0.108 

putamen 0.165+0.06 0.173+0.05 0.243 0.758+0.08 0.732+0.06 0.072 

GP 0.284+0.06 0.201+0.03 0.001* 0.757+0.06 0.752+0.08 0.711 

GCC 0.799+0.07 0.819+0.06 0.081 0.812+0.04 0.799+0.07 0.147 

SCC 0.826+0.06 0.834+0.05 0.249 0.776+0.02 0.754+0.03 0.101 

FWM 0.408+0.02 0.431+0.01 0.296 0.799+0.04 0.771+0.05 0.061 

PWM 0.412+0.04 0.471+0.03 0.042 0.791+0.03 0.775+0.04 0.091 

Thalamus 0.302+0.04 0.295+0.04 0.331 0.759+0.02 0.783+0.08 0.085 

Corona radi-
ata 

0.496+0.03 0.424+0.01 0.196 0.759+0.02 0.768+0.03 0.279 

ILF 0.597+0.05 0.511+0.05 0.223 0.817+0.08 0.851+0.07 0.327 

SLF 0.533+0.01 0.504+0.02 0.683 0.761+0.01 0.764+0.01 0.902 

Caudate nu-
cleus 

0.194+0.02 0.182+0.01 0.329 0.778+0.03 0.749+0.05 0.274 

All the data represent mean ± standard deviation. 
n, number of subjects; CWM, cerebellar white matter; ALIC, anterior limbs of the internal capsule;  
PLIC, posterior limbs of internal capsule; GP, globus pallidus; GCC, genu of corpus callosum; SCC, splenium of 
corpus callosum; FWM, frontal white matter; PWM, parietal white matter; ILF, inferior longitudinal fasciculus; 
SLF, superior longitudinal fasciculus. ∗shows statistically significant results after multiple comparison correc-
tions, P value < 0.05 considered significant. 

 

Discussion 

Patients with Hashimoto's thyroiditis (HT) 
may exhibit nonspecific clinical features 
secondary to hypothyroidism and may 
rarely cause Hashimoto’s encephalopathy 
(HE) (18). No remarkable findings were 
found in conventional brain MRI in most 
cases or only non-specific findings as non-
specific T2 hyperintense foci in subcorti-
cal, periventricular region, or deep white 
matter(18,19). Our findings are consistent 
with a decreasing trend of NAA/Cr ratio in 

patients with HT and showed results 
comparable to those previously published 
studies(10,20,21). All previous studies found a 
lower NAA/Cr ratio of the HT compared to 
healthy controls. In Bladowska et al. 
study(10), examined the metabolic changes 
detected in patients with HT patients with 
normal brain conventional MRI studies. 
They found lower NAA/Cr ratio in both 
posterior cingulate gyrus (PCG) and parie-
tal white matter (PWM) regions with a 
positive correlation to free T3 hormone 
level. While a study by Su T. et al.(20) also 
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recorded decreased levels of NAA and mI. 
They studied the magnetic resonance 
spectroscopy (MRS) findings in a 52-year-

old female patient with HT who devel-
oped features of Hashimoto’s encephalo-
pathy.  

 
Table 3. Measurements of DTI parameters (AD and RD) in different 

neuroanatomical areas of both study groups. 

Anatomical area 

Axial diffusivity (AD) 
(x 10−3  mm2/second) 

P value 

Radial diffusivity (RD) 
(x 10−3  mm2/second) 

P value 
Control 
(n=20) 

HT 
(n=40) 

Control 
(n=20) 

HT 
(n=40) 

CWM 0.955+0.04 0.937+0.03 0.593 0.529+0.08 0.622+0.10 0.01* 

Cingulum 1.475+0.15 1.212+0.17 0.023* 0.401+0.07 0.586+0.14 <0.001* 

ALIC 1.349+0.11 1.347+0.11 0.788 0.484+0.04 0.482+0.05 0.916 

PLIC 1.478+0.13 1.186+0.18 0.031* 0.351+0.04 0.359+0.04 0.611 

putamen 0.925+0.05 0.811+0.03 0.033* 0.688+0.04 0.683+0.03 0.314 

GP 0.989+0.06 0.824+0.04 0.027* 0.672+0.05 0.668+0.05 0.496 

GCC 1.875+0.11 1.866+0.12 0.863 0.363+0.06 0.311+0.04 0.064 

SCC 1.815+0.14 1.746+0.15 0.215 0.263+0.02 0.264+0.02 0.893 

FWM 1.162+0.13 1.157+0.12 0.661 0.617+0.04 0.598+0.03 0.087 

PWM 1.154+0.17 1.143+0.14 0.473 0.603+0.04 0.554+0.03 0.066 

Thalamus 1.068+0.12 1.074+0.12 0.403 0.659+0.02 0.676+0.02 0.092 

Corona radiata 1.132+0.16 1.157+0.15 0.884 0.512+0.08 0.541+0.10 0.521 

ILF 1.343+0.16 1.410+0.14 0.877 0.541+0.03 0.575+0.01 0.192 

SLF 1.238+0.12 1.241+0.12 0.551 0.509+0.07 0.504+|0.06 0.839 

Caudate nucleus 0.912+0.08 0.891+0.09 0.149 0.701+0.03 0.698+0.03 0.585 
All the data represent mean ± standard deviation. 
n, number of subjects; CWM, cerebellar white matter; ALIC, anterior limbs of the internal capsule; PLIC, poste-
rior limbs of internal capsule; GP, globus pallidus; GCC, genu of corpus callosum; SCC, splenium of corpus callo-
sum; FWM, frontal white matter; PWM, parietal white matter; ILF, inferior longitudinal fasciculus; SLF, superi-
or longitudinal fasciculus. ∗shows statistically significant results after multiple comparison corrections, P value 
< 0.05 considered significant 

 
Meanwhile, the current study results also 
agreed with the following results: Marta 
W. et al(21), also found low NAA/Cr and 
high mI/Cr ratios in the PCG and PWM are-
as. Also, correlations were evoked be-
tween these ratios and disease duration, 
as in our study. Both NAA and mI are con-
sidered biomarkers for neuronal integrity 
and glial cell inflammation, respectively. 
With increased disease duration there is a 
greater decrease in NAA/CR ratio in HT 
patients which indicates a decrease in 
neuronal activity, also a much higher mI/Cr 
ratio which correlated to more glial cell 
inflammation and gliosis. These changes 
are responsible for more neuronal affec-
tion and dysfunction(21,22). The observed 

metabolic changes either in our study or 
other studies by adding MRS to conven-
tional brain MRI denote early cerebral 
metabolic alterations or changes. These 
changes were observed in PCG, a known 
area that is highly involved in cognitive 
function and has an important role in epi-
sodic memory, and spatial attention. So, 
MRS may be a sensitive imaging bi-
omarker to early cognitive dysfunction in 
patients with HT (22), which allows early 
management, delays disease progression, 
and improves patients’ life quality(15,16). 
Thyroid hormones have an important ef-
fect on brain myelination(11,15,16). Cerebral 
diffusion tensor imaging is an important 
developing imaging biomarker of the 
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brain that has been used to study various 
neurological and psychiatric disorders(19). 
Several studies have been conducted to 
investigate microstructural changes in the 
nervous system by DTI. Low fractional an-
isotropy (FA) and axial diffusivity (AD) 
values were reportedly established. High 
mean diffusivity (MD) and radial diffusivity 
(RD) values were also observed in cases of  

hyperthyroidism, autoimmune dis., diabe-
tes, neurodegenerative diseases, and de-
myelinating diseases(9,10, 22-25). Contrary to 
previous studies(26-30); in this study, all par-
ticipating patients were euthyroid and had 
normal thyroid hormone levels to exam-
ine and highlight the autoimmune effects 
and rule out the effects of thyroid hor-
mone abnormalities in HT patients.  

 

  

Figure 3. Scatter plots showed a moderate positive 
correlation between the mI/Cr ratio measurement in 
the posterior cingulate gyrus area (mI/Cr PCG), and 
the mean disease duration (r = 0.477, p = 0.021).  

Figure 4. Scatter plots showed a moderate nega-
tive correlation between the fractional anisotropy 
(FA) values at the posterior limb of internal cap-
sule (FA PLIC) and TPOAb levels (r = –0.436, P = 
0.028). 

 
This current study’s observations are 
matched and consistent with those of 
Mehmet A. G. et al.(17) that FA values in 
globus pallidus (GP) and cerebellar white 
matter (CWM) patients were lower in HT 
patients compared to controls. The mean 
diffusivity (MD) and radial diffusivity (RD) 
in CWM were higher in patients compared 
to controls, meanwhile, lower axial diffu-
sivity (AD) was recorded in basal ganglia 
in studied patients. These findings may 
indicate axonal injury, neuronal degenera-
tion, and white matter fiber disorganiza-
tion in HT patients. In agreement with 
Blodwaska et al(10) results, the current 
study revealed a correlation between DTI 
values, serum TPOAB levels, and duration 

of the disease. These findings may be re-
lated to the loss of integrity and/or demy-
elination of the white-matter tracts. In 
contrast to previously published stud-
ies(31,32), that found no association or rela-
tionship between elevated TPOAB levels 
and neurological symptoms was induced. 
Although the current study is one of the 
few studies concerned with the investiga-
tion of the utility of brain MRS and DTI in 
patients with HT, a few limitations of the 
study's small sample size, this study did 
not examine the correlation of brain MRS, 
DTI results to the cognitive dysfunction 
severity. So, more future prospective 
studies including larger sample sizes with 
detailed psychomotor and cognitive func-
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tion assessment, and correlation to MRS 
and DTI values are needed to provide 
stronger results and improve the external 
validity of the obtained results. 

Conclusions 

In conclusion, Brain MRS and DTI in pa-
tients with HT revealed metabolic and mi-
crostructural changes in neurocognitive-
related regions, and these findings will lay 
out new insights for understanding the 
concomitant neurocognitive deficits and 
disease management. 

References 

1. Wu G, Zou D, Cai H, et al. Ultrasonog-
raphy in the diagnosis of Hashimoto’s 
thyroiditis. Front Biosci (Landmark Ed) 
2016; 21:1006-1012. 

2. Zhou JY, Xu B, Lopes J, et al. Hashimo-
to encephalopathy: literature review. 
Acta Neurol Scand 2017; 135:285-290. 

3. Carbone A, Amenduni T, Bruno R. 
Hashimoto’s encephalopathy (HE): an 
underdiagnosed autoimmune-
mediated encephalopathy. Endocrine 
2016; 54:572-573. 

4. Kong FX, Lu QH, Guo ZK. Multiple in-
tracranial lesions as the unusual imag-
ing features of Hashimoto’s encepha-
lopathy: a case report. Medicine (Bal-
timore) 2018; 97:108-114. 

5. Tzarouchi LC, Zikou AK, Tsifetaki N, et 
al. White matter water diffusion 
changes in primary Sjögren syndrome. 
Am J Neuroradiol 2014; 35:680-685. 

6. Toprak H, Yetis H, Alkan A, et al. Rela-
tionships of DTI findings with neu-
rocognitive dysfunction in children 
with Type 1 diabetes mellitus. Br J Ra-
diol 2016; 89:1506-1580. 

7. Singh S, Trivedi R, Singh K, et al. Diffu-
sion tensor tractography in hypothy-
roidism and its correlation with 
memory function. J Neuroendocrinol 
2014; 26:825-833. 

8. Kelley BP, Patel SC, Marin HL. et al. 
Autoimmune encephalitis: pathophys-

iology and imaging review of an over-
looked diagnosis. Am J Neuroradiol 
2017; 38:1070-1078. 

9. Caturegli P, De Remigis A, Rose NR. 
Hashimoto thyroiditis: clinical and di-
agnostic criteria. Autoimmun Rev 
2014; 13:391-397. 

10. Bladowska J, Waliszewska-Pros M, 
Ejma M, et al. The metabolic altera-
tions within the normal-appearing 
brain in patients with Hashimoto’s 
thyroiditis are correlated with hormo-
nal changes. Metab. Brain Dis 2019; 
34:53-60. 

11. Lee H, Lee YH, Suh SI, et al. Character-
izing intraorbital optic nerve changes 
on diffusion tensor imaging in thyroid 
eye disease before dysthyroid optic 
neuropathy. J Comput Assist Tomogr 
2018; 42:293-298. 

12. Aslan K, Gunbey HP, Cortcu S, et al. 
Diffusion tensor imaging in hyperthy-
roidism: assessment of microstructur-
al white matter abnormality with a 
tract-based spatial statistical analysis. 
Acta Radiol. 2020 Dec;61(12):1677-
1683.  

13. Tae WS, Ham BJ, Pyun SB, et al. Cur-
rent clinical applications of diffusion-
tensor imaging in neurological disor-
ders. J Clin Neurol 2018; 14:129-140. 

14. Gunbey HP, Has AC, Aslan K, et al. Mi-
crostructural white matter abnormali-
ties in hypothyroidism evaluation with 
diffusion tensor imaging tract-based 
spatial statistical analysis. Radiol Med. 
2021 Feb;126(2):283-290 

15. Cooper HE, Kaden E, Halliday LF, et al. 
White matter microstructural abnor-
malities in children with severe con-
genital hypothyroidism. Neuroimage 
Clin 2019; 24:1019-1080. 

16. Li L, Zhi M, Hou Z, et al. Abnormal 
brain functional connectivity leads to 
impaired mood and cognition in hy-
perthyroidism: a resting-state func-
tional MRI study. Oncotarget 2017; 
8:6283-6294. 

17. Mehmet A. G, Dilek H, Ozcan K, et al. 
Brain Diffusion Tensor Imaging Find-



 
Ibrahim HR. 40 

 
 

 

ings in Hashimoto’s Thyroiditis. J Neu-
roimaging 2021; 31:215-221.  

18. Snijders G, de-Witte L, van-den-Berk D. 
No association between anti-thyroid 
peroxidase antibodies and bipolar dis-
order: A study in the Dutch Bipolar 
Cohort and a meta-analysis. Psycho-
neuroendocrinology 2020; 112:104518.  

19. Leyhe, T, Müssig, K. Cognitive and af-
fective dysfunctions in autoimmune 
thyroiditis. Brain Behav Immun. 2014; 
41:261-266. 

20.  Su TH, Jin EH, He W. Hashimoto en-
cephalopathy: a case report with pro-
ton MR spectroscopic findings. Chin 
Med J (Engl). 2011 Oct;124(20):3420-2 

21. Marta W, Joanna B, Slawomir B, et al. 
The evaluation of Hashimoto’s thy-
roiditis with event-related potentials 
and magnetic resonance spectroscopy 
and its relation to cognitive function. 
Sci Rep. 2021 Jan 28;11(1):2480.  

22. Fox RJ, Cronin T, Lin J, et al. Measur-
ing myelin repair and axonal loss with 
diffusion tensor imaging. Am J Neuro-
radiol 2011; 32:85-91. 

23. Rueda-Lopes FC, Doring T, Martins C, 
et al. The role of demyelination in neu-
romyelitis optica damage: diffusion-
tensorMR imaging study. Radiology 
2012; 263:235-242. 

24. Yu C, Lin F, Li K, et al. Pathogenesis of 
normal-appearing white matter dam-
age in neuromyelitis optica: diffusion-
tensorMR imaging. Radiology 2008; 
246:222-228. 

25. Harsan LA, Steibel J, Zaremba A, et al. 
Recovery from chronic demyelination 
by thyroid hormone therapy: myelino-
genesis induction and assessment by 
diffusion tensor magnetic resonance 
imaging. J Neurosci 2008; 28:14189-
14201. 

26. Broniarczyk-Czarniak M. The preva-
lence of psychiatric disorders in pa-
tients with Hashimoto’s thyroiditis: A 
literature review. Psychiatria 2017; 
4:209-216. 

27.  Carta M. A case-control study on psy-
chiatric disorders in Hashimoto dis-
ease and Euthyroid Goitre: Not only 
depressive but also anxiety disorders 
are associated with thyroid autoim-
munity. Clin. Pract. Epidemiol. Ment. 
Health 2015; 10:23. 

28. Xu J, Xiang-Yu Z, Hui S. Low vitamin D 
levels are associated with cognitive 
impairment in patients with Hashimo-
to thyroiditis. BMC Endocr. Disord 
2018; 26:87. 

29. Djurovic M, Pereira A. M, Smit J. W. A. 
Cognitive functioning and quality of 
life in patients with Hashimoto thy-
roiditis on long-term levothyroxine 
replacement. Endocrine 2018; 62:36-
143. 

30. Göttlich M, Heldmann M, Göbel A, et 
al. Experimentally induced thyrotoxi-
cosis leads to increased connectivity in 
temporal lobe structures: a resting 
state fMRI study. Psychoneuroendo-
crinology 2015; 56:100-9. 

31.  Ferracci F, Bertiato G, Moretto G. 
Hashimoto’s encephalopathy: epide-
miologic data and pathogenetic con-
siderations. J Neurol Sci 2004; 217:165-
8. 

32.  Demartini B, Ranieri R, Masu A, et al. 
Depressive symptoms and major de-
pressive disorder in patients affected 
by subclinical hypothyroidism: a cross-
sectional study. J Nerv Ment Dis 2014; 
202:603-7. 

 
 

 


