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18Homocysteine-related alterations of F-FDG brain pattern in 

metabolic diseases 

Abstract
Since hyperhomocysteinaemia (HHcys) is implicated as a risk factor for the development of neurodegene-
ration, and is associated with the development of metabolic diseases, we aimed at analysing the e�ect of 

18homocysteine (Hcys) on regional �uorine-18-�uorodeoxyglucose ( F-FDG) brain metabolismin 51 con-
trolled type 2 diabetic and in 48 non-DM obese participants. Plasma Hcys levels were measured by an im-

18 18munoassay. Homocysteine-related F-FDG regional brain metabolism was evaluated applying F-FDG 
positron emission tomography/computed tomography (PET/CT) using magnetic resonance imaging 
(MRI)-based brain template for statistical parametric mapping (SPM) analysis. Homocysteine-related dec-

18reased F-FDG uptake was shown in the right middle temporal gyrus in the whole population. Diabetics 
with Hcys above the reference limit expressed decreased glucose metabolismin the left calcarine cortex 
compared to the obese with Hhcys. Regional metabolic alterations evoked on the basis of HHcys draw at-
tention to the potential risk of neurodegeneration ca-used by metabolic disturbances.
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Introduction

Taking the increasing prevalence and incidence of dementia and neurodegenera-
tion into account, e�ective solutions are required to combat this global epidemic 
[1]. While nowadays approximately 50 million people are reported to live with de-

mentia worldwide, by 2050 this number is estimated to reach 152 million [1].
Given that neurodegenerative disorders and cognitive deterioration represent a ma-

jor and escalating public health problem worldwide and concomitantly deteriorating 
quality of life as well as reduced life expectancy, the necessity for the introduction of sen-
sitive diagnostic modalities that excel in the early detection of subtle dementia-related 
brain changes even before clinical signs are actually present is highlighted [2]. Better un-
derstanding the pathophysiology of neurodegeneration with the application of sensi-
tive imaging techniques may provide opportunity to search for novel preventive appro-
aches and treatment options that could possibly prevent the occurrence or delay the 
progression of cognitive decline. 

Positron emission tomography (PET) imaging is considered to be a sensitive imaging 
modality for the investigation of characteristic cerebral metabolic patterns induced by 
neurodegenerative disorders [3]. Previous PET studies reported regional hypometabo-
lism in the temporal and parietal cortex in Alzheimer's disease in addition to the genera-
lized decrease in global cerebral metabolism [4]. Metabolic reduction in the region of 
the precuneus, posterior cingulate cortex, lateral parietotemporal and frontal brain regi-
ons was also depicted [4]. Several other studies applying �uorine-18-�uorodeoxyglu-

18cose ( F-FDG) PET technique con�rmed hypometabolism in the precuneus in people 
with Alzheimer's disease compared to a healthy control group [5-7].

Further, the relationship between metabolic diseases, including type 2 diabetes melli-
tus (T2DM) and obesity, and neurodegeneration is also frequently investigated [8, 9]. Ac-
cording to literature data mild cognitive impairment (MCI) could be present in severe 
obesity [8]. Recent research also con�rmed that both T2DM and obesity mean a 50% in-
crease in the development of neurodegenerative disorders [10].

Another signi�cant aspect is that elevated plasma homocysteine (Hcys) level is regar-
ded as a risk factor for the onset of neurological disturbances, such as dementia and neu-
rodegeneration [11]. Further, recent meta-analysis of prospective cohort studies also 
supported the association between HHcys and increased risk for the appearance of cog-
nitive decline [12].
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Hyperhomocysteinaemiais also associated with metabo-
lic diseases [13]. Relationship has been depicted between 
HHcys and both T2DM and central obesity [14,15]. In a Chi-
nese meta-analysis strong relationship was found between 
the Hcys level and obesity [16].

Based on the existing research �ndings related to the as-
sociation between HHcys and both metabolic disturbances 
and cognitive impairment, we hypothesize that alterations 

18in Hcys levels in�uence F-FDG brain metabolic pattern of 
individuals with metabolic disturbances. In our study we 

18examined Hcys-associated regional F-FDG brain metabo-
lism in patients with T2DM and non-DM obese subjects. In 
addition, we also investigated the frequency of di�erent ge-
notypes of MTHFR C677T polymorphism (rs1801133) in stu-
dy participants involved.

Subjects, Material and Methods

Study participants
In this prospective study, we involved 51 patients with con-
trolled T2DM, and 48 age-matched non-DM obese subjects. 
Patients were selected from the Department of Internal 
Medicine of the University of Debrecen as well as from a pri-
vate general medical praxis (Miskolc, Hungary). Inclusion cri-
teria were as follows: age between 18 and 70 years, manifest 

2obesity (BMI >30kg/m ) or controlled T2DM, and no history 
of mental or brain disorders. The exclusion criteria were: gra-
vidity, breastfeeding, acute or chronic in�ammatory disease, 
ongoing steroid treatment, retinoid intake, history of malig-
nant diseases, changes in therapy in the previous six months, 
use of anticoagulant treatment, and brain injury or cerebro-
vascular event in medical history. Before enrolment, subjects 
were given detailed information concerning the aims of the 
study and the examinations as well. Informed consent was 
collected from all patients based on an ethical approval (OGY 
EI/2829-4/2017).     

Laboratory assays
�omocysteine levels were measured from K3-EDTA antico-
agulated plasma samples. The samples were transported im-
mediately on ice at 2°C-8°C to the Department of Laboratory 
Medicine, University of Debrecen. Sample preparation with 
the measurement of Hcys concentration was performed with-
in 30 minutes after sampling. Homocysteine levels were de-
termined by chemiluminescent microparticle immunoassay 
(CMIA) on an Architect-i1000SR® analyser (Abbott, Wiesba-
den, Germany, threshold value: 12.6�mol/L). 

Additionally, serum glucose levels (reference range: 3.6-
6.0 mmol/L) were determined from serum samples spectro-
photometrically (Roche Diagnostics), and HbA1c levels we-
re measured by high-performance liquid chromatography 
(BioRad, Hercules, CA, USA) from K3-EDTA anticoagulated 
whole blood samples (reference range: 4.2%-6.1%). 

18F-FDG PET/CT
18All participants had F-FDG PET/computed tomography 

(CT) examinations to evaluate brain metabolism applying 

AnyScan PET/CT (Mediso, Hungary). Acquisition started 45 
minutes (±5 minutes) post injection (MEDRAD Intego, Ba-

18yer) of 3.5MBq/Bw F-FDG. The parameters of static PET ac-
quisition were the following: 10min/FOV, with voxel size of 
2x2x2mm, and matrix size of 160x160x76, while low-dose 
CT parameters were: 120kV and 100mAs. Additional brain 
T1-weighted 3D MR images (Achieva 3.0T (TX)-DS, Philips) 
were obtained with a voxel size of 0.5x0.5x1mm and matrix 
size of 480x480x175 for brain mapping. 

Image processing, brain mapping
Initially, T1 weighted MR images of the patients were brain-
segmented using Freesurfer 5.3, and we transformed brain 
volume to the MNI152-space (2x2x2mm voxel size) using 
the ANTS linear and non-linear image registration to-ols [17, 

1818]. The F-FDG PET images of the subjects were registered 
to their T1-weighted MR images using the FLIRT linear regis-

18tration software [19]. Their spatially normalized F-FDG PET 
images were used to create study-speci�c brain template. It 

18was used for spatial normalisation of patients' F-FDG ima-
ges applying FNIRT software of the FSL package [20]. Befo-
re statistical analyses we smoothed the spatially normalised 
images with a 16mm FWHM 3D isotropic Gaussian-kernel, 
and thresholded them at eighty per cent of average brain 
voxel values.

Methylenetetrahydrofolate reductase (MTHFR) en-
zyme genotyping
Since literature data pointed out association between 
C677T polymorphism (rs1801133) of methylenetetrahydro-
folate reductase (MTHFR) enzyme - the key enzyme in Hcys 
metabolism - and metabolic diseases, MTHFR genotyping 
of the study patients was also performed [21]. Methylenete-
trahydrofolate reductase genotyping was performed in all 
participants. DNA was extracted from peripheral blood 
samples obtained into K3-EDTA Vacutainer tubes (Becton 
Dickinson, San Jose, CA, USA), using QiaAmp DNA Blood Mi-
ni Kit (Qiagen GmbH, Germany) according to the manufac-
turer's recommendations. Genotyping was carried out with 
the use of the LightCycler 480 Real-Time PCR Instrument 
(Roche Diagnostics, Mannheim, Germany) with the applica-
tion of hybridisation probes based on melting point analy-
sis. LightCycler technology combines rapid-cycle polymera-
se chain reaction with real-time �uorescent monitoring and 
melting curve analysis [22].

Statistical analyses
Data normality was tested using Shapiro-Wilk test. For voxel 
wise group comparison Statistical Parametric Mapping 
(SPM) methods were used [23]. For thresholding of the sta-
tistical images, we used family-wise error correction (FWE) 
method (P<0.05), and we considered region clusters only 

3with an extent of at least 40 voxels (0.32cm , T=4.01).

Results

Laboratory �ndings
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Thirty three percent (33%) of the diabetic patients (17) and 
25% of the non-DM obese participants (12) had their Hcys 
levels above the reference limit (shown in Table 1). There was 
no remarkable di�erence between the proportion of eleva-
ted Hcys levels between the two study groups. Serum glu-
cose and HbA1c levels were obviously signi�cantly higher in 
the diabetic group compared to the non-DM obese indivi-
duals due to the presence of diabetes mellitus itself.

Brain metabolism
We examined the association of increased Hcys values and 

18regional F-FDG brain metabolism.
Statistical parametric mapping analysis showed that in the 

region of the right middle temporal gyrus (rMTG) decreased 
18uptake of F-FDG was present in participants with Hcys le-

vels above the reference limit compared to those who had 
their Hcys levels in the normal range, irrespective of the me-
tabolic disease present (demonstrated in Figure1A). SPM al-
so showed reduced tracer uptake in the left calcarine cortex 
in those diabetics whose Hcys levels exceeded the reference 
limit compared to the obesewho had their Hcys levels above 
12.6�mol/L (shown in Figure1B). The main statistical charac-
teristics of the mentioned brain regions are shown in Table 2.

MTHFR genotyping
The genotype distribution of patients is demonstrated in 
Table 1. There was no signi�cant di�erence between the ge-
notype distribution of the study groups (Fisher's exact test: 
P>0.05). Interestingly, no signi�cant di�erence was shown 
between the frequency of elevated Hcys values in case of 
di�erent genotypes, although elevated Hcys levels were slig-
htly more frequent in subjects with the presence of T allelein 
both groups (see Table 1). However, this elevated frequency 
was not statistically signi�cant (Fisher's exact test: P>0.1).
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Table 1. Genotype distribution of methylenetetrahydrofolate reduc-
tase gene C677T polymorphism of all and HHcys participants.

Participants All Hhcys
(Hcys>12.6 μmol/L)

TT/CT CC TT/CT CC

Type 2 
diabetic

28 23 12 5

Non-DM 
obese

26 22 8 4

Hcys, homocysteine; HHcys, hyperhomocysteinaemia; DM, diabetes 
mellitus

Figu 18re 1. SPM maps showing reduced F-FDG uptake A) in all study participants with homoc ysteine (Hcys) levels above the reference limit (12.6�mol/L) in the right 
middle temporal gyrus; B) In type 2 diabetic patients with Hcys levels above the cut-o� value compared to the non-DM obese patients with Hcys above 12.6�mol/L in the 
left calcarine cortex. SPM maps were thresholded at FWE-corrected P<0.05 at the cluster level.



Discussion

Given the overwhelming burden that neurodegenerative 
disorders force upon societies, the need for the reduction of 
their prevalence becomes relevant [24]. Therefore, clinical 
implementation of diagnostic tools that are capable to pro-
vide timely diagnostic assessment of dementia-induced ce-
rebral changes is warranted.

Association between metabolic diseases and cognitive 
deterioration is frequently investigated. According to the re-
sults of the Rotterdam study with 6370 elderly involved, 
T2DM was reported to represent a two-fold risk for the de-
velopment of Alzheimer's disease [25]. Connection between 
obesity and dementia was also strengthened in an Italian 
study carried out with the enrolment of people su�ering 
from Metabolic Syndrome (MetS) and MCI [26].

Accumulating literature data examined the connection 
between HHcys and both cognitive decline and metabolic 
diseases. Previous study strengthens that HHcys is a poten-
tial risk factor and biomarker for several cardiovascular and 
neurological diseases including cognitive impairment [27, 
28]. The aforementioned research �ndings inspired us to 
evaluate the impact of HHcys on brain metabolism in meta-

18bolic diseases applying F-FDG PET/CT, that sensitively in-
dicates subtle alterations in regional cerebral metabolism. 
The investigation of occurrence of elevated Hcys levels in 
T2DM and obesity was our focus of interest as well. No re-
markable di�erence was found regarding the rate of appe-
arance of increased Hcys levels between the two study gro-
ups. Although, based on available literature data, no previ-
ous studies have compared the Hcys levels of T2DM and 
obese patients, some �ndings exist regarding Hcys values in 
each group separately. In one study, type 2 diabetic patients 
were featured with a higher mean value of total Hcys levels 
(10.5µmol/L; P=0.02) compared to a healthy control group 
(7.7µmol/L) [29]. In a meta-analysis including 14 studies with 
710 obese and 607 healthy subjects involved, non-obese 
patients were depicted with signi�cantly lower concen-
trations of Hcys than the obese participants, regardless of 
nutritional status, insulin resistance (IR), dietary habits, his-
tory of medicine, previous anamnesis or genetic characteris-

tics (P<0.05) [30]. Owing to the lack of normal controls in our 
study, we could not support the aforementioned �ndings.

We detected decreased metabolism in the rMTG in parti-
cipants with elevated Hcys levels regardless of the type of 
metabolic disease present. Interestingly, in those diabetics 
who had increased Hcys values the left calcarine cortex was 

18also registered with reduced F-FDG uptake. To our best 
knowledge no previous studies have investigated Hcys-re-

18lated F-FDG metabolism in metabolic diseases. Although 
no PET studies have been published with similar results to 
ours, some other neuroimaging research report about the 

18 18regions of these two brain areas. In an MR- F-FDG and F-
�orbetaben PET study conducted by H. Jeong et al. (2020), 
medial temporal atrophy was shown to be associated with 
the prediction of Alzheimer's disease [31]. A resting state 
functional MRI study pointed out perfusion de�cit in the re-
gion of the calcarine sulcus bilaterally in patients with de-
mentia [32]. Further, neuroimaging studies experienced 
grey matter atrophy in the left calcarine sulcus in elderly 
characterised by vitamin D de�ciency [33].

Another aspect is that previous studies applying PET exa-
minations investigated brain metabolic alterations in meta-

18bolic disturbances [34, 35]. A recent F-FDG PET study re-
ported decreased regional brain glucose metabolism in the 
ventral prefrontal, cingulate, temporal, insular, postero-
medial cortices and in the cerebellum associated with hig-
her Homeostatic Model Assessment of Insulin Resistance 
(HOMA-IR), a parameter characterising metabolic diseases 
[36]. Although metabolic diseases may be featured with IR, 
our results could not be compared to the outcome of the 
mentioned research which might possibly be explained by 
the fact that neither the severity of IR was de�ned in our 
work, nor we took the e�ect of IR on cerebral glucose meta-
bolism into account. In another study, decreased glucose 
uptake of the frontotemporal brain areas was also found in 
T2DM even after controlling for vascular risk factors [35]. 
Further, obese individuals expressed higher fasting meta-
bolism in the parietal somatosensory cortical regions com-
pared to lean people [34]. Our study could not support this 
result since we did not involve slim patients in our study. In 
addition, regional metabolic alterations were not evaluated 
in the detailed study, which could also explain why our re-
sults are not in line with the mentioned one.

Table 2. Results of SPM analysis and statistical characteristics of right middle temporal gyrus, left calcarine cortex and superior frontal 
gyrus.

Region Subpopulation Groups
pFWE 
(peak)

volume 
3(cluster, cm )

pFWE
(cluster)

Right middle temporal 
gyrus

All participants
Hcys above and below 

12.6µmol/L
0.009 2.58 0.017

Left calcarine cortex
Type 2 diabetic 

participants
Hcys above and below 

12.6µmol/L
0.042 0.14 0.041

Hcys, homocysteine; FWE, Family-Wise Error; SPM, statistical parametric mapping
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18Considering our results, Hcys seems to in�uence F-FDG 
brain metabolism. Given that the rMTG is considered to be a 
dementia-associated brain region, we suppose that Hcys-
dependent metabolic alteration in this region may project 
the appearance of future cognitive decline in patients with 
metabolic diseases [37]. This �nding may draw the attention 
to the clinical importance of the measurement of Hcys levels 
in long-term prediction of cognitive deterioration in meta-
bolic disturbances. The underlying mechanism behind dec-

18reased F-FDG uptake in the left calcarine cortex in diabe-
ticsis not exactly known. It may be related to the mechanism 
of microvascular damage associated with diabetes. 

Finally, our result did not show signi�cant di�erence bet-
ween the genotype distribution of the two study groups 
and the appearance of elevated Hcys values in case of di�e-
rent genotypes, although Hcys levels above the reference li-
mit were slightly more frequent in subjects with the pre-
sence of T allele (in both patient groups separately, and in all 
cases of our study irrespective of the metabolic disease). The 
available �ndings considering the association between T2 
DM/obesity and MTHFRC677T polymorphism are inconclu-
sive. In a meta-analysis of 29 epidemiologic studies, Al-Ru-
beaan K. et al. (2013) reported a signi�cant association bet 
ween the MTHFRC677T polymorphism and T2DM in the 
Chinese Han population [38]. The same group also found an 
association between T2DM and MTHFR polymorphism in 
the Arabian population, however they did not con�rm this 
connection among the Caucasians [38]. Although previous 
studies have not drawn de�nitive conclusion concerning 
the relationship between the onset, development, or the 
progression of T2DM or other types of metabolic disturban-
ces and MTHFRC677T genetic polymorphism, higher frequ-
ency of T allelein patients with MetS-related HHcys may sug-
gest some associations. Future studies with greater sample 
size are required to further examine the relationship bet-
ween metabolic diseases and the detailed genetic altera-
tion.

In conclusion, we detected regional metabolic alterations 
related to HHcys in T2DM and obesity, which may be in con-
nection with microvascular alterations induced by meta- 
bolic diseases. Fluorine-18-FDG PET/CT seems to be a sensi-
tive diagnostic tool showing alterations in brain metabo-
lism in both T2DM and obesity. It may have importance in 
the follow-up of patients with metabolic disturbances, since 
biological markers derived from brain imaging may precede 
the development of dysmetabolism-related brain changes 
even before the appearance of clinical symptoms, and could 
be useful early indicators of the appearance of neurological 
disorders.

Limitations
Since we did not involve a group of healthy volunteers and 
because of the limited number of recruited individuals, the 
relationship between the brain metabolic impairments and 
the metabolic diseases themselves could not be examined 
in more detail. Furthermore, medically controlled diabetic 
patients were enrolled in this study under di�erent types of 
medications (e.g. antidiabetics with di�erent mechanisms 
of action, antihypertensive and lipid-lowering drugs, or an-
tidiuretics), and we did not examine the separate e�ects of 

the mentioned drugs on our results.
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