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Abstract: Type 2 diabetes mellitus (T2DM) and hypertension are both

associated with cognitive impairment and brain function abnormalities.

We investigated whether abnormal cerebral blood flow (CBF) patterns

exists in T2DM patients and possible relationships between aberrant

CBF and cognitive performance. Furthermore, we examined the influ-

ence of hypertension on CBF alterations in T2DM patients.

T2DM patients (n¼ 38) and non-T2DM subjects (n¼ 40) were

recruited from clinics, hospitals, and normal community health screen-

ings. Cerebral blood flow images were collected and analyzed using

arterial spin labeling perfusion functional magnetic resonance imaging

(fMRI). Regions with major CBF differences between T2DM patients

and non-T2DM controls were detected via 1-way ANOVA. The inter-

action effects between hypertension and T2DM for CBF alterations

were also examined. Correlation analyses illustrated the association

between CBF values and cognitive performance and between CBF and

blood pressure.

Compared with non-T2DM controls, T2DM patients exhibited

decreased CBF, primarily in the visual area and the default mode

network (DMN); decreased CBF in these regions was correlated with

cognitive performance. There was a significant interaction effect
paeth, PhD, Rong ai Tian, MD,
and Shaohua Wang, MD, PhD

T2DM patients exhibited reduced CBF in the visual area and DMN.

Hypertension may facilitate a CBF decrease in the setting of diabetes.

T2DM patients may benefit from blood pressure control to maintain

their brain perfusion through CBF preservation.

(Medicine 94(48):e2231)

Abbreviations: ANOVA = one-way analysis of variance, ASL =

arterial spin labelling, AVLT = Auditory Verbal Learning Test,

BPV = brain parenchyma volume, CBF = cerebral blood flow, CDT

= Clock Drawing Test, CFT = Rey-Osterrieth Complex Figure Test,

DMN = default mode network, DST = Digit Span Test, fMRI =

functional magnetic resonance imaging, GM = gray matter, GMV =

gray matter volumes, IPL = inferior parietal lobe, MMSE = Mini

Mental State Exam, MNI = Montreal Neurological Institute, PCC =

posterior cingulate cortex, ROI = regions of interest, SBP = systolic

blood pressure, T2DM = type 2 diabetes mellitus, TMT = Trail

Making Test, VBM = voxel-based morphometry, WMV = white

matter volumes.

INTRODUCTION

T ype 2 diabetes mellitus (T2DM) is a complex metabolic
abnormality that increases the risk of cognitive decline.1

Approximately 3/4 of patients with T2DM live with hyperten-
sion.2 Interestingly, longitudinal and autopsy studies suggest
that hypertension is a modifiable risk factor for the development
and progression of cognitive decline.3,4 Therefore, hypertension
is a likely risk factor for the cognitive impairment observed in
T2DM patients. The precise relationship between blood pres-
sure and brain function has not been elucidated in T2DM
patients.

Research using cerebral perfusion, investigated via single-
photon emission computed tomography, shows that diabetic
patients exhibit decreased cerebral blood flow (CBF)5–7 and
that CBF is directly correlated with cognitive performance.8

These studies included patients with Type 1 and Type 2
diabetes, and the sample sizes were limited. Arterial spin
labeling (ASL) is a noninvasive functional magnetic resonance
imaging (fMRI) technique9–11 that offers quantification of
CBF. ASL perfusion fMRI has been applied in clinical settings;
specifically, ASL has been used to detect early stages of
dementia patients12,13 and has recently been used to assess
CBF in T2DM patients. Findings have been mixed. Rusinek
et al did not observe significant CBF changes between T2DM
patients and healthy controls using ASL,14 whereas Tchistia-
kova et al observed that T2DM influenced cerebrovascular
reactivity in relatively older individuals with hypertension.15

Regarding blood pressure, reductions in systolic blood pressure

als have been associated with increases
tter CBF16 and hypertensive individuals
responses during completion of memory
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tasks.17 Research is needed to examine what regions exhibit
altered CBF function in the T2DM disease state and to deter-
mine whether hypertension is involved in the fluctuation of CBF
values in these regions.

Thus, we raise the hypothesis that T2DM patients would
exhibit reduced CBF compared to non-T2DM controls and that
reduced CBF in certain brain regions would correlate with
deficits in specific cognitive domains; blood pressure would
be inversely related with CBF in T2DM patients such that lower
blood pressure would be linked with better perfusion condition.
To address these issues, we analyzed CBF patterns to assess
differences between T2DM patients and matched, non-T2DM
controls using ASL perfusion functional MRI (fMRI) and
observed the effect of hypertension on CBF changes as well
as the associations between blood pressure and CBF alterations
in T2DM patients.

METHODS

Subjects
Study protocol was approved by the Research Ethics

Committee of the Affiliated Zhongda Hospital of Southeast
University prior to study initiation. All participants provided
written informed consent prior to any study procedures.

Seventy-eight subjects, including 38 patients with T2DM
and 40 non-T2DM subjects, were recruited from the Affiliated
Zhongda Hospital of Southeast University and community
health screenings from June 2012 to September 2013. In order
to participate, subjects had to meet the following inclusion
criteria: right handed, educated for at least 6 years, and between
45 and 70 years of age. The T2DM diagnosis was based on the
World Health Organization 1999 criteria.18 As described in our
previous study,19 patients with retinopathy and peripheral neu-
ropathy were excluded. Additionally, participants were
excluded if they had a history of stroke, alcoholism, Parkinson’s
disease, head injury, epilepsy, major depression, other acute
neurological or psychiatric illnesses, severe visual or hearing
loss, anemia, thyroid dysfunction, cancer, severe heart diseases,
and damaged liver/kidney function.

Clinical and Neuropsychological Data Collection
and Neuropsychological Tests

Demographic characteristics were collected at the time of
MRI. Blood pressure was recorded as an average of 2 measure-
ments taken after each participant had a 5-minute rest. Hyper-
tension was defined as blood pressure � 140/90 mm Hg or the
use of antihypertensive medications. Following an overnight
fast of at least 10 h, venous blood samples were collected at 8
A.M for all participants. Then each subject ingested a solution
of glucose (75 g) in water over a few minutes, and the second
blood sample was collected 2 h later (prior to the MRI scan).
Fasting and postprandial blood glucose, HbA1c, and blood
lipid (triglyceride, total cholesterol, low-density lipoprotein
cholesterol, and high-density lipoprotein cholesterol) levels
were assessed.

Each participant’s cognitive function was assessed via the
cognitive tests described in our previous study,19 including the
Mini Mental State Exam (MMSE), Rey-Osterrieth Complex
Figure Test (CFT), Auditory Verbal Learning Test (AVLT), Trail
Making Test-A and B (TMT-A and TMT-B), and Clock Draw-
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ing Test (CDT), on the same day of the MRI scan in a quiet
room. All tests were performed in a fixed order to evaluate
general mental status, memory, attention, executive function,
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and visuospatial function. An experienced neuropsychiatrist
facilitated this process, and a single-blinded method was used.

MRI Acquisition
MR imaging was conducted in a 3.0T MRI scanner (Siemens

MAGENETOM Trio) as previously described.19 In order to
reduce head motion and scanner noise, cushions and earplugs
were used. The subjects were instructed to relax and lie still in the
scanner while keeping their eyes closed and avoiding either
falling asleep or making sudden head motions, and to not think
of anything in particular during the fMRI. Three-D T1-weighted
images were acquired using the same parameters as in our
previous study as follows:19 repetition time (TR)¼ 1900 ms,
echo time (TE)¼ 2.48 ms, thickness¼ 1 mm, slices¼ 176,
gap¼ 0 mm, flip angle (FA)¼ 908, field of view
(FOV)¼ 250� 250 mm2, and matrix¼ 256� 256. ASL images
were obtained with a pulsed-ASL sequence (PICORE Q2T) using
the parameters that are similar to those in previous study as
follows:20 TR¼ 4000 ms, TE¼ 12 ms, FOV¼ 220� 220 mm2,
matrix¼ 64� 64, slices thickness¼ 4 mm, gap¼ 1 mm,
TI1¼ 600 ms, and TI2¼ 1600 ms. The entire scan time lasted
45 min, including the perfusion scan, anatomic scan, and other
scans for blood oxygen level-dependent imaging and diffusion
tensor imaging (data not reported here).

Imaging Data Pre-Processing
All images were realigned to correct for head motion, and

epochs of head movement greater than the width of 1 voxel were
removed. The images were smoothed using a 3-dimensional,
6 mm FWHM Gaussian kernel. SPM8 (http://www.fil.ion.ucl.a-
c.uk/spm) and an in-house package developed at the University
of Pennsylvania for automatic structural segmentation were
used for image processing. All control and label images were
realigned to the M0 image with the same spatial resolution from
the same PASL acquisition. Perfusion images were then gener-
ated by pairwise subtraction and summation between the time-
matched label and control images. Finally, quantitative CBF
maps for all individuals were generated.21 These maps were
then normalized to standard space using the Montreal Neuro-
logical Institute template brain. Global CBF was calculated, and
the mean CBF images for each group were averaged.

We performed a voxel-based morphometry (VBM)
approach to estimate gray matter (GM) brain volumes using
the VBM8 toolbox (http://dbm.neuro.uni-jena.de/vbm) in SPM
8. During the pre-processing step of the VBM, DARTEL was
used to improve the inter-subject registration of the structural
images. Using a unified segmentation algorithm,22 the cerebral
tissues were segmented into GM, white matter, and cerebrosp-
inal fluid. Then, the T1 magnetic resonance images were
normalized to the MNI template. Afterwards, the images were
spatially smoothed with a 6 mm FWHM Gaussian kernel. Gray
matter volumes (GMV) and white matter volumes (WMV) were
generated during this process. Brain parenchyma volume (BPV)
was calculated as the sum of GMV and WMV.

Statistical Analysis
Demographic and neuropsychological data were analyzed

using SPSS software and were 2-tailed, with the statistical
significance level set at P< 0.05. All variables apart from MMSE
were normally distributed. Differences between the T2DM
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patients and the non-T2DM controls were assessed using a t-test
for normally distributed variables, a nonparametric Mann–
Whitney U test for the asymmetrically distributed variable
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relative CBF in each respective ROI and blood pressure. All
(MMSE), and a x2-test for categorical variables. Bonferroni
correction was used for multiple comparisons.

To examine between-group differences in brain volumes, a
1-way analysis of variance (ANOVA) was conducted with age,
gender, and education level as nuisance covariates. Regions
with CBF differences between groups were also detected via 1-
way ANOVA in SPM8 with the same nuisance covariates. The
threshold was set at P< 0.01 (cluster-level family-wise error
(FWE) correction). A full-factorial model was utilized to
examine potential interaction effects between hypertension
and diabetes on CBF differences. The threshold was set at
P< 0.05 (cluster-level FWE correction).

Based on previous studies,23,24 spherical regions of inter-
ests (ROIs) with a radius of 6 mm were defined in the left
inferior parietal lobe (IPL) (MNI (Montreal Neurological Insti-
tute) coordinates x¼�47, y¼�57, z¼ 39), right IPL (MNI
coordinates x¼ 49, y¼�54, z¼ 39), right precuneus (MNI
coordinates x¼ 1, y¼�64, z¼ 43), and right occipital lobe
(MNI coordinates x¼ 30, y¼�81, z¼ 9). The left and right IPL
were then combined into the bilateral IPL. For each subject,
absolute CBF values in the ROIs were computed using the
statistical parametric mapping Marsbar toolbox.25 Relative CBF
values were calculated as the ratio of regional (absolute) CBF to
global CBF. The relative CBF within these clusters was then
plotted with the results from each neuropsychological test by
partial correlation analysis. To investigate the relationship
between CBF in certain brain regions and cognitive perform-
ance, we evaluated the partial correlation coefficients between
the relative CBF in each respective ROI and each neuropsy-
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chological test. To investigate the relationship between CBF in
certain brain regions and the severity of hypertension, we
evaluated the partial correlation coefficients between the

TABLE 1. Demographic and Clinical Characteristics

Items T2DM Patient

Mean
Age, years 56.0
Education levels, years 9.6
Diabetes duration, years 7.1
BMI, kg/m2 24.4
Systolic BP, mm Hg 129.2
Diastolic BP, mm Hg 83.8
HbA1c,% 7.2
Fasting glucose, mmol/L 7.3
Postprandial glucose, mmol/L 12.0
Triglyceride, mmol/L 1.6
Total cholesterol, mmol/L 5.3
LDL-C, mmol/L 3.3
HDL-C, mmol/L 1.4

N
Gender, female 21
History of smoking 8
Hypertension§ 29
Blood pressure lowering medications 17

BMI¼ body mass index, HDL-C¼ high-density lipoprotein cholestero
SD¼ standard deviation, T2DM¼ type 2 diabetes mellitus.�

P< 0.05 was considered significant.
yRepresents significance survived after correcting for multiple comparis
§ Hypertension was defined as blood pressure � 140/90 mm Hg or the u
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partial correlations were calculated after correcting for age, sex,
and education. Thresholds were set at P< 0.05.

RESULTS
Study demographics, clinical ratings, and cognitive per-

formances are presented in Table 1 and Table 2. As expected,
the T2DM patient group exhibited higher HbA1c, fasting and
postprandial glucose levels (all P< 0.001) compared with the
non-T2DM controls. Aside from these variables, the groups did
not significantly differ on all other measures. In general, the
T2DM patients performed worse than the non-T2DM controls
regarding all neuropsychological tests (significant differences
in CFT-copy, CFT-delay, DST, and TMT-B (P< 0.05)).

We did not observe any significant structural changes in
specific brain regions (P> 0.05). Additionally, the GMV,
WMV, and BPV of the 2 groups were not significantly different
(Supplementary Table, http://links.lww.com/MD/A542, which
shows the comparisons of the brain volumes between groups).
The T2DM patient group exhibited decreased CBF, primarily in
the visual area and DMN, including the right middle occipital
gyrus, bilateral IPL, and right precuneus (P< 0.01, corrected)
(Table 3 and Figure 1A). The interaction effect between hy-
pertension and diabetes was significant in the middle occipital
lobe and the precuneus (Table 4 and Figure 1B).

Correlations between CBF and cognitive performance are
presented in Figure 2. Relative CBF in the middle occipital
gyrus was associated with CFT-copy scores (r¼ 0.392,

P¼ 0.020), relative CBF in the bilateral IPL was correlated
with TMT-B scores (r¼�0.351, P¼ 0.039), and relative CBF
in the right precuneus correlated with DST scores (r¼�0.371,

s Non-T2DM Controls P Value

SD Mean SD
6.1 57.1 7.6 NS
3.0 10.3 1.9 NS
3.5 – – –
2.6 25.3 3.3 NS

12.1 131.3 17.1 NS
8.9 84.9 10.1 NS
1.1 5.6 0.3 <0.001

� y

1.4 5.6 0.6 <0.001
� y

3.5 6.4 1.3 <0.001
� y

0.6 1.4 0.6 NS
1.0 5.5 0.8 NS
0.8 3.3 0.5 NS
0.3 1.4 0.3 NS
% N %
55 19 47 NS
21 14 35 NS
76 26 65 NS
45 15 38 NS

l, LDL-C¼ low-density lipoprotein cholesterol, NS¼ nonsignificant,

ons.
se of antihypertensive medications.
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TABLE 2. Cognitive Scores

Items T2DM Patients Non-T2DM Control P Value

MMSE 29.0� 0.9 29.1� 1.0 0.411
AVLT-total 32.3� 8.3 34.6� 5.8 0.166
AVLT-delay 6.4� 2.3 6.7� 1.7 0.615
CFT-delay 14.5� 4.8 20.0� 6.1 <0.001

� y

TMT-A 73.0� 23.3 67.2� 19.4 0.240
TMT-B 189.4� 49.8 159.7� 46.1 0.008

�

DST 11.0� 2.0 12.3� 2.0 0.003
� y

CDT 3.4� 0.6 3.6� 0.5 0.065
CFT-copy 35.0� 1.3 35.7� 0.5 0.001

� y

Values are mean� standard deviation.
AVLT¼ auditory verbal learning test, CDT¼ clock drawing test,

CFT¼Rey-Osterreith Complex Figure Test, DST¼ digit span test,
MMSE¼Mini Mental State Exam, TMT¼ trail making test.�

P< 0.05 was considered significant.

Xia et al
P¼ 028) in T2DM patients. By calculating correlations
between blood pressure and CBF values in the above 3 brain
regions, we observed that the DBP of T2DM patients was
inversely correlated with CBF in the middle occipital gyrus
(r¼�0.361, P¼ 0.033). Both DBP (r¼�0.405, P¼ 0.016)
and SBP (r¼�0.343, P¼ 0.044) were inversely correlated
with CBF in the precuneus of T2DM patients. We did not
observe any significant correlations in non-T2DM subjects.

DISCUSSION
The present study noninvasively quantified resting CBF in

a large sample of T2DM patients. Compared to non-T2DM
controls, T2DM patients exhibit reduced CBF, which was
directly associated with cognitive performance. Interestingly,
we also observed that hypertension exacerbated CBF reduction
in T2DM patients, and poorly controlled blood pressure was
associated with decreased CBF.

T2DM has been associated with structural brain
changes,26,27 and we expected to observe brain atrophy in these
patients. However, neither regional nor whole brain atrophy was
observed in T2DM patients compared to matched controls. The

yRepresents significance survived after correcting for multiple
comparisons.
most parsimonious explanation for this result is that the patients
did not have any severe chronic comorbid complications and
that every individual was in a very good general health

TABLE 3. Regions Showing Significant Differences in CBF Betwe

Brain Regions MNI Coordinates x, y, z

R Middle occipital gyrus 48,�72,�3
R Middle occipital gyrus 36, �81, 27
L Inferior parietal lobe �27,�57, 45
R Inferior parietal lobe 33, �45, 54
R Precuneus 9, �51, 24

A threshold of P< 0.01 determined by family-wise error (FWE) correctio
difference between groups.

CBF¼ cerebral blood flow, L¼ left, MNI¼Montreal Neurological Insti
Cluster size is in mm3.
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condition. Research has shown that functional changes precede
observable structural alterations in the setting of Alzheimer’s
disease28 and T2DM.29 An alternative possibility is that when
compared to fMRI, VBM may be a less sensitive method for
detecting subtle structural changes.

As a fundamental biological function, perfusion refers to the
delivery of oxygen and nutrients to tissue via blood flow. Previous
studies have observed abnormal perfusion in T2DM patients.
Dandona et al reported CBF in diabetic patients for the first time,
finding slightly increased CBF in these patients (however the
difference was not significant); however, the authors did not
provide information regarding the type of diabetes or the clinical
characteristics of the diabetic patients.30 Rusinek et al also
observed insignificant hypoperfusion in T2DM patients,14 which
may have been due to the higher proportion of female patients in
the T2DM group compared to the control group or that the ASL
signal was acquired only at 2 axial locations. Tiehuis et al
assessed relative global CBF by measuring the volume flow in
the internal carotid arteries and basilar artery and observed that
relative global CBF correlated with attention, executive function,
and information processing speed in T2DM patients.31 However,
these authors suggested that their results did not explain cognitive
impairment in these patients because they also observed similar
correlations in the control group. Brundel et al followed up the
cohort and reported that cerebral hemodynamics did not play a
major etiological role in either cognitive changes or brain altera-
tions in T2DM patients.32 Both studies focused on global CBF
rather than CBF in specific brain areas.

In our study, main effects of T2DM were primarily in visual
and DMN regions. Consistent with our findings, Novak et al
observed that T2DM patients exhibited reduced CBF velocity33

and exaggerated regional cerebral vasoreactivity to CO2 chal-
lenges in the parietal and occipital regions.34 The precuneus and
parietal lobes are important components of the DMN, whereas the
occipital lobe processes visual ability. When evaluating the
cognitive profiles of the patients in this study, cognitive decline
was associated with visuospatial and attention/executive function
deficits. The precuneus is involved in visuospatial function and
working memory, an important component of attention/executive
function. Indeed, we found a significant correlation between CBF
in the precuneus and DST, an assessment of working memory.
We also observed significant correlations between CBF in the
occipital lobe and performance on the CFT-copy as well as
between CBF in the IPL and performance on the TMT-B,
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supporting the idea that there is a link between reduced CBF
and deficits in both visuospatial and attention/executive function.
In addition, because decreased CBF in the precuneus, posterior

en T2DM Patients and non-T2DM Controls

(mm) Peak t Score Voxels

�4.7366 330
�4.3133 95
�3.3094 72
�3.4539 70
�3.3345 54

n at the cluster level was taken as meaning that there was a significant

tute, R¼ right, T2DM¼ type 2 diabetes mellitus.
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FIGURE 1. (A) Regions exhibiting significantly decreased CBF values. Compared with non-T2DM controls, T2DM patients exhibited
decreased CBF primarily in visual and the default mode network regions, including the right middle occipital gyrus, bilateral inferior
parietal lobe (IPL), and right precuneus. (B) Regions exhibiting an interaction effect between T2DM and hypertension on CBF values. The
interaction effect between hypertension and diabetes was significant in the right middle occipital lobe and right precuneus.CBF¼ cerebral
blood flow, IPL¼ inferior parietal lobe, T2DM¼ type 2 diabetes mellitus.

TABLE 4. Regions Showing Interaction Effects Between Hypertension and Diabetes on CBF

Brain Regions MNI Coordinates x, y, z (mm) Peak t Score Voxels

R precuneus 12, �63, 36 3.8812 57
R Middle occipital gyrus 51, �72,0 3.2722 45

A threshold of P< 0.05 determined by family-wise error (FWE) correction at cluster level was taken as meaning that there was a significant

nsti
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cingulate cortex (PCC), and lateral parietal cortex are consistently
reported in Alzheimer’s disease research,35 our data also illus-
trates that T2DM and Alzheimer’s disease share similar brain
pathophysiology. The involvement of these regions may
represent a common pathophysiological process associated with
cognitive decline in these diseases.

difference between groups.
CBF¼ cerebral blood flow, L¼ left, MNI¼Montreal Neurological I
Cluster size is in mm3.
A region vulnerable to T2DM, the precuneus displays
abnormal functional connectivity in T2DM patients in studies
using various fMRI techniques.29,36 In patients with both T2DM

FIGURE 2. Correlation between cognitive performance and CBF value
was significantly correlated with CFT-copy scores (r¼0.392, P¼0.02
with TMT-B scores (r¼�0.351, P¼0.039). TMT, Trail Making Test. (C
with DST scores (r¼�0.371, P¼0.028). CBF¼ cerebral blood flow,
IPL¼ inferior parietal lobe, T2DM¼ type 2 diabetes mellitus, TMT¼ t

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
and hypertension, perfusion was diminished in the occipito-
parietal areas compared to patients with only hypertension.18

Additionally, hypertensive patients (without diabetes) exhibit
reduced occipital brain perfusion.37 In healthy subjects, higher
blood pressure has been correlated with lower glucose metab-
olism in the PCC-precuneus.38 Our data support and extend

tute, R¼ right, T2DM¼ type 2 diabetes mellitus.
these findings by identifying a significant interaction between
T2DM and hypertension for CBF in the middle occipital gyrus
and precuneus, indicating that the existence of hypertension

s in T2DM patients. (A) Relative CBF in the middle occipital gyrus
0). (B) Relative CBF in the bilateral IPL was significantly correlated
) Relative CBF in the right precuneus was significantly correlated

CFT¼Rey-Osterrieth Complex Figure Test, DST¼digit span test,
rail making test.
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accelerates the decrease in CBF in the setting of diabetes,
resulting in impaired visual-related cognition and attentional/
executive function.

Lower BP is associated with higher CBF in middle-aged
hypertensive patients.16,37 Notably, hypertension exists in up to
3/4 of patients with T2DM.2 Increased blood pressure creates
extra pressure load and results in hypertrophy of the medial
layer of the major resistance vessels. The contraction of vas-
cular smooth muscle causes a larger encroachment of the thick
wall into the lumen, resulting in a steady increase in vascular
resistance. During the course of hypertension, individuals tend
to develop higher cholesterol, triglyceride, and plasma insulin
levels, resulting in atherosclerosis.39 These changes lead to
reduced blood flow, which may account for the lower CBF
observed in patients with higher blood pressure. Based on our
observation that CBF correlated with both DBP and SBP,
T2DM patients may need to also maintain blood pressure
control in order to achieve optimal brain function.

LIMITATIONS
Some limitations of this study must be addressed. Due to

the study’s sample size, comprehensive changes in the brain and
cognitive performance may not have been detected by our
analysis. Second, this is a cross-sectional study and therefore
cause and effect cannot be distinguished. It may be that T2DM
reduced CBF in certain brain regions, or that T2DM damaged
these brain regions, resulting in decreased metabolic demand.
Hence, additional studies are needed to confirm these results in
a longitudinal setting. Third, because hypertension is prevalent
in middle-aged and older adults, we did not recruit exceedingly
homogenous populations in either group. Although abnormal
blood pressure in diabetic patients may be a confounding factor,
no significant differences in either SBP or DBP were observed
between the groups included in this study.

CONCLUSION
This study provides evidence that patients with T2DM

exhibit reduced CBF in visual and DMN regions and that
decreased CBF in T2DM patients associated with poorer cog-
nitive performance. Hypertension may exacerbate CBF
reduction in T2DM patients, and blood pressure was positively
associated with CBF levels. T2DM patients would likely benefit
from blood pressure control in order to maintain brain perfusion
via CBF preservation and prevent cognitive decline.
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