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Abstract

Background: Cerebral blood flow abnormalities are supposed to be potential risk factors for developing cognitive dysfunction
in the general population. Aging, obesity and type 2 diabetes mellitus are associated with perfusion abnormalities leading to
cognitive impairment, neurodegeneration and future development of dementia. In our study, we aimed at identifying independ-
ent factors that contribute to the appearance of regional brain perfusion changes besides those that are already known.

Material and methods: Forty-three type 2 diabetic and twenty-six obese patients were enrolled. After the intravenous adminis-
tration of 740 MBq *Tc-hexamethylpropylene amine oxime (HMPAO), all subjects underwent brain perfusion SPECT imaging
applying AnyScan S Flex dual-head gamma camera (Mediso, Hungary). Using Philips Achieva 3T scanner brain resting-state
functional MRI was also performed. The SPECT and MRI images were co-registered and transformed to the MNI152 atlas
space so that data of the following standard volumes of interest (VOIs) could be obtained: frontal lobe, parietal lobe, temporal
lobe, occipital lobe, limbic region, cingulate, insula, basal ganglia, cerebrum, limbic system and brain stem. Using the SPSS
25 statistical software package, general linear regression analysis, Student’s t-test, and Mann-Whitney U-test were applied for

statistical analyses.

Results: Multivariate linear analysis identified that BMI and age are significantly (p < 0.0001) associated with perfusion, and
patient group was slightly above threshold (p = 0.0524). We also found that the presence of diabetes was an independent
significant predictor of normalized regional brain perfusion only in the insula (p < 0.001). Other independent predictors of
normalized regional brain perfusion were: age in the insula (p < 0.001) and in the limbic region (p < 0.01), and BMI in the

brain stem (p < 0.01).

Conclusions: Age and BMI proved to be general, and diabetes regional predictor of brain hypoperfusion. BMI appeared to
be a novel factor affecting brain perfusion. In one specific region, the insula, we detected a difference between the obese and
the diabetic group. These findings may be significant in the understanding of the development of cognitive impairment in

metabolic diseases.
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Introduction

Cerebral blood flow alteration is supposed to be a potential risk
factor for developing cognitive dysfunction in the general popula-
tion [1, 2]. Aging, obesity, and type 2 diabetes mellitus (T2DM)
are associated with perfusion abnormalities leading to cognitive
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impairment, neurodegeneration and future development of de-
mentia.

Recent data pointed out particular brain areas with perfusion
deficit related to aging. Aanerud et al. [3] detected the magni-
tudes of regional cerebral blood flow (rCBF) and cerebral metabolic
rate of oxygen (CMRO2), two significant parameters character-
izing brain aging, in areas of cerebral cortex in a PET study with
sixty-six healthy volunteers enrolled aged between twenty-one
and eighty-one [4]. The inferior parietal lobules showed perfusion
deficit in cognitively normal aging subjects by Okonkwo et al. [5].
In a *mTc-HMPAO study with forty healthy young and twenty-eight
aged subjects involved, Catafau et al. [6] found significantly lower
rCBF ratios in aged subjects than in the young in the left frontal
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lobe and the posterior region of the left temporal lobe. Aging is as-
sociated with vascular pathology such as cortical microinfarcts,
grey matter lacunae and irreversible endothelial dysfunction
[7-13]. These vascular alterations contribute to the appearance of
age-related brain hypoperfusion that probably leads to the develop-
ment of neurodegenerative diseases.

Metabolic conditions such as obesity and T2DM that frequently
appear and progress together with aging are also linked to brain
perfusion abnormalities that may lead to future neurodegeneration.

According to Bissels et al. [14] the risk of dementia is 73%
higher in type two diabetic patients than in patients without T2DM.
The ltalian Longitudinal Study on Aging in which patients with mild
cognitive impairment and metabolic syndrome were studied sup-
ports the connection between obesity and dementia [15]. Birdsill
et al. [16] detected a 15 per cent lower mean grey matter cerebral
blood flow in subjects with metabolic syndrome that could be
associated with decreased memory function. Cui Y. et al. [17]
found decreased CBF in T2DM in the posterior cingulate cortex,
precuneus and bilateral occipital lobe. Willeumier K. et al. [18]
indicated that higher body mass index (BMI) in healthy individu-
als is associated with decreased rCBF in the following Brodmann
areas: 8, 9, 10, 11, 32, and 44 that are brain regions involved in
attention, reasoning, and executive function. They also pointed
out that an elevated BMI is connected to decreased rCBF in the
prefrontal cortex in a group of healthy subjects.

In our study, we aimed at identifying independent factors that
contribute to the appearance of regional brain perfusion altera-
tions besides those factors that are already known.

Material and methods

A total of forty-three type 2 diabetic and twenty-six obese pa-
tients were enrolled. The main anthropometric characteristics of
the subjects are shown in Table 1. Among the diabetics there were
seventeen female and twenty-six male, while in the obese group
eighteen female and eight male subjects were involved.

Patients were all recruited from the Department of Internal
Medicine of the University of Debrecen as well as a Private General
Practice from the city of Miskolc.

Patients were selected based on the following inclusion
criteria: age between 18 and 70, manifest obesity (BMI > 30)
or controlled type 2 diabetes, and no history of mental or brain

Table 1. Most important anthropometric parameters of patients involved

Obes
median
Age 53.5
Height (cm) 168
Body weight (kg) 103
BMI 35.68
Blood glucose level (mmol/L) 58

(Tests: M-W: Mann-Whitney; t: Student’s t)

BMI — body mass index; SD — standard deviation
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disorders. Exclusion criteria included: gravidity, breastfeeding,
acute or chronic inflammatory disease, severe liver disease, on-
going steroid treatment, hyperthyroidism, retinoid intake, history
of malignant diseases with the exception of basal cell carcinoma,
crural ulcer, change in the therapy in the previous 6 months and
anticoagulant treatment.

All procedures followed were in accordance with the ethical
standards of the responsible national committee on human experi-
mentation (OGYEI/2829-4/2017). Before enrolment, subjects were
given detailed information concerning the aims of the study as well
as the examinations. Informed consent was collected from all
patients involved.

Single-photon emission-computed tomography
(SPECT) image acquisition

AnyScan S Flex (Mediso, Hungary) dual-head gamma-camera
equipped with low-energy high resolution parallel hole collima-
tors was used to image brain perfusion. Patients were not prone
to stress or heavy emotional burden before the actual examination.
Half an hour before the injection of the radiopharmaceutical sub-
jects were given one perchlorate capsule per os to block thyroid
uptake. 740 MBq *™Tc-hexamethylpropylene amine oxime (HMPAQ)
was administered into the right cubital vein after a ten-minute rest
in the dimly-lit examination room.

The main characteristics of SPECT examinations were the fol-
lowing: 120 views, 128 x 128 matrix with 2.36 mm pixel size, 30 sec
projection time, with auto body contour.

Brain magnetic resonance imaging (MRI)

Brain resting-state functional MRl was carried by a Philips Achieva
3T scanner. T1-weighted 3D images (voxel size: 0.5 x 0.5 x 1 mm,
matrix size: 480 x 480 x 175) were obtained. The T1-weighted 3D
turbo field echo protocol was applied for image acquisition with
8 ms repetition time (TR) and 3.7 ms echo time (TE).

Image processing

First, the *™Tc-HMPAO SPECT image of each subject was reg-
istered to his/her T1-weighted MRI image by rigid transformation,
using the FMRIB's Linear Image Registration Tool (FLIRT) linear reg-
istration software. Then we transformed T1 weighted MRl images of
the patients by elastic transformation to the MNI152-space (2 x 2 x
2 mm voxel size) using the advanced normalization tools (ANTS)

Diabetes
SD median SD test P
+9.89 50 + 8.59 t > 0.1
+ 11.70 170 + 8.77 t > 0.1
+18.10 95 +21.48 t 0.045
+ 5.58 32.41 +5.28 M-W < 0.01
+ 0.58 7.2 +1.72 M-W < 0.0001
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Figure 1. Showing aggregated brain regions created on the basis of
Harvard-Oxford atlas
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linear and non-linear image registration [19]. The combination of
both transformations was applied to the SPECT image to transfer it
to the MNI space, so that data of the following standard volumes of
interest (VOIs) could be obtained: frontal lobe, parietal lobe, tem-
poral lobe, occipital lobe, limbic region, cingulate, insula, basal
ganglia, cerebrum, limbic system and brain stem. The aggregated
brain regions that were used for VOIs are demonstrated in Figure 1.

Statistical analyses

The SPSS 25 statistical software package (SPSS Inc.) was used
for data analysis. To identify influencing factors, general linear
regression analysis was performed with Hochberg’s correction
for multiple regions. Student’s t-test was used to compare param-
eters with normal distribution while Mann-Whitney U test was applied
for the comparison of parameters with non-Gaussian distribution.

Results

We investigated factors that may be associated with cerebral
perfusion (normalized to the occipital region) by the general linear
model. First, we included the patient group (DM or obese) and
gender as factors and age, blood glucose and BMI as covariates.
BMI (Mann-Whitney: p = 0.004) and glucose level (Mann-Whitney:
p < 0.0001) were integrated in the model since these param-
eters were significantly different in the two observed groups as seen
in Figure 2. However, based on Student’s t-test there was no sta-
tistically significant difference between the two groups regarding
age (Fig. 2), because of previous findings in the literature, we also
included age in the analysis. Since the effect of blood glucose level
on brain perfusion was far from significant both in the multivariate
model and in all regions (p > 0.1), we eliminated it from the model.
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Figure 2. Box-and whiskers plots showing the most important continuous parameters in both groups: BMI, serum blood glucose level and age.

BMI — body mass index
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From the remaining variables, multivariate analysis with all brain
regions as dependent variables identified that BMI and age are
significantly (p < 0.0001) associated with perfusion; and patient
group was slightly above threshold (p = 0.0524).

Univariate contrast of the group in all but one brain region
was negative (normalized perfusion was lower in DM), but after
applying Hochberg's correction for multiple comparisons, we found
that the presence of DM was an independent significant predictor of
normalized regional brain perfusion only in the insula (p < 0.001).

Other independent predictors of normalized regional brain
perfusion were:

ageintheinsula (p < 0.001) and in the limbic region (p < 0.01)

BMI in the brain stem (p < 0.01)

Discussion

We detected age-dependent hypoperfusion specifically in the
region of the insula and in the limbic region. The direct connection
between aging and the involvement of these two specific brain
regions is not exactly known.

Age is considered to be an important predictor of hypoperfu-
sion [20]. In the long run cerebral hypoperfusion results in cognitive
dysfunction. Bonthius D. J. et al. [21] stated that the limbic region
is much more burdened with neurofibrillary tangles than other brain
regions. This finding supports the connection between cognitive
dysfunction and limbic perfusion abnormality. Since we examined
patients with normal cognition we speculate that the early involve-
ment of the limbic region could be characteristic in patients who
might be at risk for Alzheimer’s disease (AD) even without manifest
clinical signs actually present. Since both the insula and the limbic
region are related to AD pathology, the involvement of these brain
areas in the process of brain aging may predict the appearance
of future dementia.

Cerebral perfusion defects induced by aging could be trig-
gered by both obesity and T2DM. We suppose that these meta-
bolic disorders could enhance vascularly triggered age-related
cognitive deficit. Our finding is in coherence with the findings of
Leanne et al. [22] who detected lower cerebral blood flow in type
2 diabetic patients with mild cognitive impairment in the insula,
medial temporal lobes and in the frontal lobes compared to type
2 diabetic patients without mild cognitive impairment and healthy
controls. Further, they also reported association between regional
cerebral blood flow measurements and Addenbrooke’s Cognitive
Assessment (ACE-R) score in the insula, thalamus and medial
temporal lobes.

Our second finding was BMI-associated hypoperfusion spe-
cifically in the brain stem. To our knowledge, there is no similar
finding in the literature. The reason behind this result is unclear yet.
We presume that an excessive amount of adipose tissue in that
brain area possibly has a compressive effect on the vasculature
of the brain stem. This may induce and accelerate brain stem
hypoperfusion together with high BMI-induced altered insulin
regulation, leptin-resistance, inflammatory processes, and vascu-
lar abnormalities. Further, obesity-related endothelial dysfunction
and disrupted smooth muscle function could be other causes of
cerebral hypoperfusion in obesity. All these factors are strongly
connected to neurodegeneration. We speculate that BMI-related
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hypoperfusion in the brain stem may contribute to the development
of future dementia. Obesity-induced cerebral blood flow reduction
promotes amyloid-beta production that causes endothelial dys-
function leading to cognitive impairment [22, 23]. This could be
in line with the findings of Gunstad J. et al. [25] who detected that
people with elevated BMI have reduced executive function. The
outcomes of Gustafson et al. [26] also support this hypothesis.
They evaluated the connection between BMI and brain atrophy, the
main marker of neurodegeneration. They showed that the risk of
temporal atrophy increased by 3% per 1.0 kg/m? increase in BMI
that could predict the development of cognitive decline.

Finally, we found that the presence of diabetes was an inde-
pendent significant predictor of normalized regional brain perfu-
sion only in the region of the insula. We speculate that insular
perfusion may be affected much earlier by diabetes, and insula
is much more vulnerable to metabolic changes than other brain
regions. This could be one reason for the unique involvement of
disease-related insular perfusion alteration. Although, the fact that
we examined well-controlled diabetic patients might also explain
why we only detected perfusion difference in the insula. Insula
is involved in the pathophysiology of AD [21]. Consequently,
our finding puts the emphasis on the elevated risk for dementia
in diabetics. Additionally, hyperglycemia characterizing diabe-
tes causes altered endothelial dependent cerebral vasodilation,
oversecretion of vasoconstrictor endothelin-1 and blood-brain
barrier impairment [27]. These factors could also strengthen the
link between hyperglycemia, diabetes and chronic cerebral hy-
poperfusion which is an important element of vascular cognitive
impairment [27].

However, the discrepancy can be detected in the literature
concerning the association between diabetes and brain hypop-
erfusion. Recent research has pointed out that studies involving
a small number of patients with severe symptoms tend to detect
hypoperfusion in T2DM [28]. In addition, these researchers do not
take atrophy into account that could possibly explain hypoperfusion.

There are important limitations to our study worth noting. First,
we did not include a healthy control group due to ethical reasons.
Second, we involved well-treated diabetic patients taking different
types of medications (antidiabetics with different mechanisms of
action, antihypertensive and lipid-lowering drugs, and antidiuretics).

Conclusions

We managed to detect three factors that influence brain perfu-
sion. Age, - and BMI proved to be general, and diabetes regional
predictor of brain hypoperfusion. Our result regarding the effect
of age on cerebral perfusion that is well known from the literature
is in line with previous studies. Based on multiparametric linear
analysis BMI appeared to be a relatively new factor influencing
brain perfusion. Further, in one specific region, in the insula, we
detected difference between the obese and the diabetic group.

Our findings put the emphasis on the multi-aetiological nature
of cerebral hypoperfusion. We emphasize that it is important to
identify independent factors affecting brain perfusion. This could
be essential to help understand the pathological mechanisms that
occur behind the elevated risk of developing cognitive impairment
in metabolic diseases.
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