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Background: Cognitive decline may occur in patients with diabetic retinopathy (DR), yet the mechanism
underlying the relationship between cognitive decline and DR remains unclear. This study applied an
automated fiber-tract quantification (AFQ) technique based on diffusion tensor imaging (DTT) to identify
alterations in specific segments of brain white matter fiber tracts in patients with DR, and analyze their
correlation with cognitive test scores and clinical biochemical indicators.

Methods: A total of 19 patients with DR and 20 age-, sex-, and education-matched healthy controls (HCs)
were included. Clinical and imaging data were prospectively collected. The AFQ technique was applied to
track the whole brain white matter fiber tracts of each participant, and each fiber tract was segmented into
100 equidistant nodes. The fractional anisotropy (FA), mean diffusion (MD), axial diffusion (AD), and radial
diffusion in 100 nodes of each fiber tract were calculated and compared between the two groups. Partial
correlation analysis was performed to analyze the correlation between altered DTT metrics in segments of
the fiber tracts and cognitive test scores, as well as clinical biochemical indicators in patients with DR.
Results: Compared with the HC group, the DR group showed significantly reduced FA values in nodes
81-100, increased MD values in nodes 39-50, and reduced AD values in nodes 91-100 of the left cingulum
cingulate (CGC) [P<0.05, false discovery rate (FDR) corrected], they also showed increased AD values in the
left superior longitudinal fasciculus (SLF; nodes 1-23, 37-50, and 66-99), and the right SLF (nodes 1-36 and
79-100) (P<0.05, FDR corrected). Correlation analysis revealed a positive correlation between the FA values
in nodes 82-98 of the left CGC and Montreal Cognitive Assessment scores (MoCA scores, r=0.760, P<0.05/
P=0.021), and a positive correlation between the AD values in nodes 37-41 in the left SLF and glycated
hemoglobin Alc (HbAlc) levels (r=0.559, P<0.05/P=0.039).

Conclusions: Our findings demonstrated alterations in the white matter fiber tracts at the point-wise level
in patients with DR using AFQ analysis. These alterations may be associated with cognitive impairment in
DR. The AFQ technique can accurately detect the damage to the integrity of the brain white matter fiber
tracts in patients with DR, and have high clinical application value in the diagnosis and evaluation of DR,
which can deepen our understanding of brain white matter microstructural abnormalities in patients with
DR.
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Introduction

Diabetic retinopathy (DR) is one of the most common
microvascular complications in diabetic patients, which
seriously affects patients’ quality of life. The International
Diabetes Federation estimates that 642 million people
worldwide will be affected by diabetes in 2040. As the
prevalence of diabetes continues to increase, diabetes-
related complications, such as DR, will also increase (1).
The main pathological manifestations of DR include glucose
metabolic disorders of retinal cells, blood-retinal barrier
disruption, and increased retinal vascular permeability (2,3).
Recent studies have shown that DR may be associated with
white matter lesions, cognitive impairment, and dementia
(4-6). However, it is unclear whether DR is an independent
risk factor for these conditions or whether it can predict
damage in the brain.

To date, neuroimaging studies on DR have mostly
applied the functional magnetic resonance imaging (MRI)
technique to study the neurophysiopathological changes in
patients with DR. For example, Wang et 4l. (7) documented
altered amplitude of low-frequency fluctuation in visual-
related and cognitive-related brain regions in patients
with DR. Huang ez a/. (8) reported widespread abnormal
intranetwork functional connectivity and functional
network connectivity (in 9 functional networks, such as
the visual network, auditory network, ventral default mode
network, and dorsal default mode network) in patients
with DR using independent component analysis. Wan
et al. (9) demonstrated abnormal changes in the functional
connectivity of the visual- and cognitive-related functional
brain networks in patients with DR by using network
analysis. Nonetheless, few studies have applied the diffusion
tensor imaging (DTI) technique to investigate brain white
matter microstructural alterations in patients with DR.
DTT is a non-invasive imaging method used to explore
central nervous system alterations, which can provide
detailed information about the microstructure of tissues by
measuring the diffusion properties of water molecules in the
brain tissue.

Many methods have been used to analyze DTT data.
Traditional analysis methods include voxel-based analysis
and tract-based spatial statistics, which can only analyze the
abnormalities of white matter fiber tracts at the individual
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level, and cannot identify the specific altered segments of
each fiber tract. The automated fiber-tract quantification
(AFQ) technique can fill this gap by applying pointwise
comparative analysis. Using whole-brain deterministic
fiber tractography, AFQ can reconstruct fiber tracts by
estimating 100 anatomically equivalent positions along each
fiber trajectory, and estimates the point-by-point diffusion
parameters for each specific fiber bundle, providing more
accurate information for quantitative analysis studies.
Yeatman ez a/. (10) proposed the concept of AFQ in 2012.
In the ICBM-DTI-81 white-matter labels atlas developed
at Johns Hopkins University, AFQ can automatically extract
20 major white matter fiber tracts, further segment each
fiber tract into 100 equidistant nodes, and then calculate
fractional anisotropy (FA), mean diffusion (MD), axial
diffusion (AD), and radial diffusion (RD) in 100 nodes of
each fiber tract. This technique allows the observation
of alterations in brain white matter fiber tracts at the
point-wise level. In recent years, the AFQ technique has
been applied successfully to study many diseases, such as
Alzheimer’s disease, schizophrenia, and depression (11-13).
For the first time, the present study applied the AFQ
technique to analyze the damage patterns of 100 different
nodes of 20 specific brain white matter fiber tracts in
patients with DR, and explored the correlation between
altered D'TT metrics and cognitive test scores, as well as
clinical indicators, so as to provide an imaging basis for
understanding central nervous system alterations in patients
with DR. We present this article in accordance with the
STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-24-1440/rc).

Methods
Participants

A total of 19 patients who were diagnosed with stage IV-VI
proliferative DR according to the diagnostic criteria for DR
adopted by the American Academy of Ophthalmology in
Taizhou People’s Hospital, Jiangsu Province from January
2022 to January 2023 were enrolled. The inclusion criteria
were as follows: (I) age 25-60 years; (II) having DR caused
by type 2 diabetes mellitus. Type 2 diabetes mellitus was
diagnosed using the criteria established by the American
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Diabetes Association: fasting plasma glucose >7.0 mmol/L,
random plasma glucose >11.1 mmol/L, or two hours
glucose >11.1 mmol/L; meeting the diagnostic criteria of
DR adopted by the American Academy of Ophthalmology;
(IIT) right-handedness; and (IV) the absence of functional
impairment, such as speech, vision or hearing impairment.
The exclusion criteria were as follows: (I) patients with
a history of psychiatric or neurological disorders or
depression; (II) patients with other eye diseases, including
dry eye syndrome, strabismus, amblyopia, cataract,
glaucoma, optic neuritis, and ocular pain; (IIT) T1, T2,
fluid-attenuated inversion recovery (FLAIR), and diffusion-
weighted imaging (DWI) sequences were used to exclude
cases with abnormal MRI changes (such as cerebral small
vessel disease, brain tumor, and brain injury); and (IV)
patients with MRI contraindications, such as pacemakers
and stents.

A total of 20 age-, sex-, and education-matched healthy
controls (HCs) were recruited from the hospital or local
community. The inclusion criteria were as follows: (I) age
25-60 years; (II) right-handedness; (III) the absence of brain
computed tomography (CT) or MRI abnormalities; and
(IV) being able to cooperate with MRI and cognitive tests.
The exclusion criteria for HCs were the same as those for
patients with DR.

Two trained neurologists performed the cognitive tests
on all patients. The data of all participants, including age
and years of education, fasting blood glucose (FBG), and
glycated hemoglobin Alc (HbAlc) levels within 1 day
before MRI scan were collected and recorded. HbAlc
levels were detected by using the fully automated glycated
hemoglobin analyzer (HLC-723G8, Tosoh Bioscience,
Tokyo, Japan). The cognitive function status of all patients
was assessed using the Montreal Cognitive Assessment
(MoCA) scale and Mini-Mental State Examination (MMSE)
before the MRI scan.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the Ethics Committee of Taizhou People’s
Hospital (No. KY2022-079-01) and informed consent was
provided by all individual participants.

Data acquisition and processing

Data acquisition

All MR scans were performed on a Siemens Skyra 3.0T MR
scanner (Siemens, Erlangen, Germany) with 16-channel
head coil. High-resolution structural images were acquired
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using 3-dimensional (3D)-T1-weighted sequences with
the following parameters: repetition time (TR) =2,300
ms, echo time (TE) =2.98 ms, flip angle =9°, slices =176,
slice thickness =1 mm, field of view (FOV) =256x256 mm,
and voxel size =1 mm x 1 mm x 1 mm. The acquisition
parameters for D'TT data were as follows: TR =14,100 ms,
TE =113 ms, slices =70, slice thickness =2 mm, 30 gradient
diffusion directions, FOV =256x256 mm, voxel size =2 mm
x 2 mm x 2 mm, and b-value =1,000 s/mm’. MRI scans of
all participants were performed on the same MRI scanner.

Data processing

D'TT data were preprocessed using FSL software (Oxford
Centre for Functional MRI of the Brain, University of
Oxford, Oxford, UK; http://www.fmrib.ox.ac.uk/fsl/) (14),
with the following steps: (I) conversion of the raw Digital
Imaging and Communications in Medicine (DICOM)
format into Neuroimaging Informatics Technology
Initiative (NIFTT) format; (IT) removal of non-brain
structures using the Brain Extraction Tool (BET) (15);
(III) eddy-current and head-motion correction; (IV) fitting
the diffusion tensor model to each image voxel using
the DTTFit program (16) to generate FA, MD, AD, and
RD values. Subsequently, the diffusion tensor maps were
calculated for each participant.

The 3D T1WI data and the pre-processed DTT data
were processed using the AFQ software package (https://
github.com/jyeatman/AFQ). Quantitative analysis was
performed on 100 equidistant nodes on each fiber tract,
according to the following steps: (I) whole-brain fiber
tracking; (II) fiber tract segmentation; (III) fiber tract
refinement; (IV) fiber tract cleaning; (V) determination of
the core of the fiber tract; and (VI) fiber tract quantification.
The 20 tracts are as follows: the bilateral thalamus radiation,
corticospinal tract, cingulum cingulate (CGC), cingulum
hippocampus, inferior fronto-occipital fasciculus, inferior
longitudinal fasciculus, superior longitudinal fasciculus
(SLF), uncinated fasciculus, arcuate fasciculus, callosum
forceps major, and callosum forceps minor.

Statistical analysis

Demographic data between the two groups were analyzed
by SPSS 26.0 IBM Corp., Armonk, NY, USA). Normally
distributed data were expressed as mean = standard
deviation (SD), and analyzed using independent samples
t-test. Non-normally distributed data were expressed as
the median and 25%, 75" quartiles, and analyzed by using
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Table 1 Demographic and clinical data of patients with DR and healthy controls

Variables DR group (n=19) HC group (n=20) ¥¥/Z/t value P value
Age (years) 51.95+6.01 44.50+5.22 -1.890 0.059°
Education years 12 [4, 16] 10.36+3.54 -1.471 0.141°
Sex (male/female) 7712 12/9 - 0.113°
Disease duration (years) 9.47+3.76 - - -
HbA1c level (%) 91[6.9, 13.9] - - -
FBG level (mmol/L) 13.09+4.69 - - -
MoCA scores 23.47+2.20 28.5 [25, 30] -4.878 <0.001°
MMSE scores 28 [26, 29] 29 [26, 30] -1.767 0.77°

Data are presented as number, median [25" percentile, 75" percentile] or mean + standard deviation. ?, two-sample t-test; °, Mann-
Whitney U test; °, Chi-squared test. DR, diabetic retinopathy; HC, healthy control; FBG, fasting blood glucose; HbA1c, hemoglobin Alc;
MoCA, Montreal Cognitive Assessment; MMSE, Mini-Mental State Examination.

Mann-Whitney U test. A level of P<0.05 was considered
statistically significant.

MATLAB software (MathWorks, Natick, MA, USA)
was used to analyze the differences in FA, MD, AD, and
RD wvalues in 100 nodes of 20 fiber tracts between the two
groups. False discovery rate (FDR) was used to correct
for multiple comparisons. Partial correlation analysis was
performed to analyze the correlation between altered D'TT
metrics in segments of each fiber tract and cognitive test
scores, as well as clinical biochemical indicators in patients
with DR. To control for possible confounding effects, we
included age, gender, and years of education as covariates
in our analyses. A P value less than 0.05 was considered
significant.

Results
Demographic characteristics and cognitive test scores

The demographics and clinical information of patients with
DR and HCs are shown in Tible 1. A total of 39 participants
(19 patients with DR and 20 HCs) were included. No
significant differences in age, gender, education years,
disease duration, MMSE score, FBG, and HbAlc levels
were found between the two groups (P>0.05), whereas the
MoCA score in the DR group was significantly lower than
in the HC group (¥=-4.878, P<0.001). Clinical signs of
retinal edema (such as diabetic macular edema, cotton-wool
spots, retinal thickness) were not noted in patients with DR.
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Results of AFQ analysis

Of the 20-brain white matter fiber tracts, 18 were
successfully tracked, including bilateral thalamic radiation,
corticospinal tract, CGC, inferior fronto-occipital
fasciculus, inferior longitudinal fasciculus, SLF, uncinate
fasciculus, arcuate fasciculus, and callosum forceps major
and minor. The segments of each fiber tract with significant
differences between the two groups are shown in Table 2.
Compared with the HC group, the DR group showed
significantly reduced FA values in nodes 81-100 of the
left CGC, increased MD values in nodes 39-50 of the left
CGC, and reduced AD values in nodes 91-100 of left CGC
(P<0.05, FDR corrected). The DR group also showed
significantly increased AD values in the left SLF (nodes
1-23, 37-50, and 66-99) and the right SLF (nodes 1-36
and 79-100) compared with HCs (P<0.05, FDR corrected,
Figures 1,2).

Results of correlation analysis

Correlation analysis of the altered DTT metrics in the
segments of the left CGC and bilateral SLF and cognitive
test scores, as well as clinical biochemical indicators in
patients with DR revealed a positive correlation between
FA values in nodes 82-98 of the left CGC and MoCA
scores (r=0.760, P<0.05, Figure 3), and a positive correlation
between the AD values in nodes 37-41 in the left SLF and
HbAlc levels (r=0.559, P<0.05, Figure 4). No significant
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Table 2 The segments of white matter fiber tracts with significant differences between the DR and HC groups

DTI parameters Tracts HC group DR group Segments t P value (FDR)

FA CGC_L 0.468+0.066 0.412+0.069 81-100 -2.801 0.008

MD CGC_L 0.743+0.071 0.802+0.090 39-50 2.748 0.009

AD CGC_L 1.151+0.057 1.068+0.072 91-100 -3.129 0.006
SLF_L 1.020+0.073 1.089+0.097 1-23, 37-50, 66-99 2.195 0.03
SLF_R 1.034+0.070 1.120+0.094 1-36, 79-100 2.423 0.02

Data are presented as mean + standard deviation. DR, diabetic retinopathy; FDR, false discovery rate; HC, healthy control; CGC, cingulum
cingulate; SLF, superior longitudinal fasciculus; L, left; R, right; FA, fractional anisotropy; MD, mean diffusion; AD, axial diffusion; DTI,
diffusion tensor imaging.
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Figure 1 Significant differences in DTI metrics in different segments of the left CGC observed between the DR and HC groups. (A)
Midsagittal view of the left CGC. The colored bands represent the distribution of FA values. (B-D) Compared with the HC group, the
DR group showed significantly decreased FA values in nodes 81-100, increased MD values in nodes 39-50, and reduced AD values in
nodes 91-100 of the left CGC (all P<0.05, FDR corrected). The solid line indicates the mean value, and the dashed line indicates the
standard deviation. DTT, diffusion tensor imaging; CGC, cingulum cingulate; DR, diabetic retinopathy; HC, healthy control; FA, fractional
anisotropy; MD, mean diffusion; AD, axial diffusion; FDR, false discovery rate.
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Figure 2 Significant differences in the AD values in different segments of the left and right SLF observed between the DR and HC groups.
(A,B) Midsagittal view of the left and right SLE. The colored bands represent the distribution of FA values. (C,D) Compared with the HC
group, the DR group showed increased AD values in nodes 1-23, 37-50, and 66-99 of the left SLF and nodes 1-36 and 79-100 of the
right SLF (all P<0.05, FDR corrected). The solid line indicates the mean value, and the dashed line indicates the standard deviation. SLE,
superior longitudinal fasciculus; DR, diabetic retinopathy; HC, healthy control; AD, axial diffusion; FDR, false discovery rate; FA, fractional

anisotropy.
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Figure 3 The correlations between the mean FA values in nodes
82-98 of the left CGC and MoCA scores in the DR group. DR,
diabetic retinopathy; CGC, cingulum cingulate; FA, fractional
anisotropy; MoCA, Montreal Cognitive Assessment.
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Figure 4 The correlations between the mean AD values in nodes
37-41 of the left SLF and HbAlc levels in the DR group. DR,
diabetic retinopathy; SLF, superior longitudinal fasciculus; HbAlc,
glycated hemoglobin; AD, axial diffusion.
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correlation was found between altered DTT metrics and
FBG levels, as well as MMSE scores (P>0.05).

Discussion

In the present study, we applied the AFQ technique to study
the alterations in the integrity of white matter fiber tracts
in patients with DR and explored their correlation with
cognitive impairment. The results showed that compared
with the HC group, patients with DR showed significantly
reduced FA and AD values, and increased MD values
in nodes 81-100, 91-100, and 39-50 of the left CGC,
respectively. They also showed increased AD values in left
(nodes 1-23, 37-50, and 66-99) and right SLF (nodes 1-36
and 79-100). Correlation analysis showed that decreased
FA values in the damaged segments of the left CGC were
positively correlated with MoCA scores (r=0.760, P<0.05),
and increased AD values in the damaged segments of the
left SLF were negatively correlated with HbAlc levels.
The use of AFQ technique allows accurate segmentation of
the CGC and SLF into multiple nodes, and provides more
precise localization of fiber tract damage, which has good
prospects for application in central nervous system diseases.
The FA value represents the compactness of white matter
fibers and the integrity of myelin sheaths. Decreased FA
values in the left CGC may reflect abnormal integrity of
the fiber tract connecting the frontal lobe to the occipital,
parietal, and temporal lobes. MD value reflects the degree
of diffusion of water molecules in all directions, namely, the
ability of water molecules to diffuse within tissues, which
is sensitive to cell proliferation, edema, and necrosis (17).
An increase in AD value indicates an increase in diffusion
parallel to the fiber tract orientation, which can result in a
decrease in axonal density and an increase in intra-axonal
space, followed by disorganization of the axonal structure,
suggesting axonal loss or loss of orientation coherence of
axons in the fiber tract (18). A previous study demonstrated
that decreased AD values indicated acute axonal damage,
whereas increased AD values indicated axonal hyperplasia,
reflecting chronic damage (19).

The CGC is the core part of the limbic system and
a key structure of the Papez circuit (20). It is a main
intrahemispheric pathway connecting the anterior cingulate
cortex to the posterior cingulate cortex, which plays an
important role in the processes of executive function,
sensory function, emotion, memory, and spatial processing/
integration (21). Numerous studies have shown that
damage to the CGC was associated with symptoms of
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depression and cognitive impairment (22,23). Therefore,
we hypothesized that altered FA, MD, and AD values in
the left CGC may lead to a decrease in the connections
between the anterior and posterior cingulate cortex,
which interfere with the sensory, cognitive, or emotional
regulation, thereby causing corresponding dysfunction in
patients. The results of the present study showed that the
damaged segments were mainly located in the middle and
posterior parts of the left CGC in patients with DR. A
previous study showed that decreased FA in the posterior
part of the CGC was associated with functional impairment
in several cognitive domains, including executive function,
language, memory, and visuospatial processing (24). A
voxel-based morphometric study demonstrated reduced
gray matter volume in the left middle cingulate gyrus in
patients with DR (25), and a resting-state functional MRI
study reported deceased regional homogeneity value in
the right anterior cingulate gyrus in patients with DR (26).
These findings suggest that alterations of white matter
integrity in the cingulate gyrus may lead to abnormalities
in neuronal information transmission by the CGC, which
in turn cause abnormal neural activity in the cingulate
cortex, and ultimately result in corresponding functional
impairment in patients with DR. Additionally, Shi ez a/. (27)
reported that DR patients showed increased amplitude of
low-frequency fluctuation in the anterior cingulate cortex,
indicating that spontaneous neural activity in this brain
region is enhanced. Our results are consistent with these
findings, suggesting that if the capacity of the posterior part
of the left CGC for information transmission is impaired,
the brain compensates for this impaired information
transmission pathway by increasing spontaneous neural
activity in the anterior cingulate cortex. In the present
study, correlation analysis of the FA values in the damaged
segments of the left CGC and cognitive test scores in the
DR group showed that the FA values in nodes 82-98 of
the left CGC were positively correlated with the MoCA
scores. However, no significant correlation was found
between altered DTT metrics and MMSE scores. The
reason may be due to the fact that MoCA is one of the
most commonly used scales with high sensitivity and
specificity for detecting mild cognitive impairment (28),
whereas MMSE has high specificity and low sensitivity to
identify mild cognitive disorders. In addition, the MoCA
covers the cognitive domains of visuospatial and executive
function, namely, memory, attention, language, abstraction,
delayed recall, and orientation. Patients with DR generally
had impaired visuospatial and executive function due to
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continuous impairment of visual function (29-31). Kantarci
et al. (32) documented that FA values in the CGC of
patients with Alzheimer’s disease were closely correlated
with disease severity. So, these findings further corroborate
our speculation that structural alterations in the CGC may
underlie cognitive impairment in patients with DR, which
may be potential imaging markers reflecting changes in
cognitive function in these patients.

The SLF is an important white matter fiber tract that
connects the frontal cortex to the occipital, parietal, and
temporal cortices. It is mainly involved in regulating motor
behavior, vision spatial attention, visuomotor function,
transfer of somatosensory information between parietal
and motor cortices, and language function, and plays an
important role in the default mode network (33,34). In
the present study, we found that when compared to HCs,
patients with DR exhibited increased AD values in many
segments of the bilateral SLF, and the damaged segments
were mainly located in the anterior and posterior parts of
the SLE. Since the white matter fiber tracts of the brain
are carriers for information transmission during functional
brain activity, abnormal changes in brain white matter
structure can affect the transmission of neural information,
which further affects the function of the corresponding
damaged brain regions in patients. Several neuroimaging
studies have demonstrated that patients with DR exhibited
abnormal spontaneous neural activity, cerebral blood flow,
and gray matter volume in brain regions connected by
the SLE, such as the orbital part of middle frontal gyrus,
middle occipital gyrus, superior temporal gyrus, and
inferior parietal lobule (35-37). Chronic axonal injury in
the anterior and posterior parts of the SLF can lead to
abnormalities of neural information transmission, which
in turn causes widespread functional and structural brain
alterations from the frontal lobe to the parieto-temporo-
occipital lobes. So, SLF may be a key target fiber tract
for the occurrence of cognitive impairment and visual
processing impairment in patients with DR. Huang ez a/. (38)
documented decreased FA and increased RD values in nodes
16-21 of the right SLF in diabetic patients. Our results
showed significantly increased AD values in nodes 1-36
and 79-100 of the right SLE, and nodes 1-23, 37-50, and
66-99 of the left SLF in patients with DR when compared
with HCs. DR is considered the severe stage of diabetes.
Long-term exposure to a hyperglycemic environment
can lead to reduced transmission of related fiber bundle
nutrient factors and abnormal neurometabolism, which
eventually results in neuronal death. Therefore, during the
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transition from diabetes to DR, the location of damaged
segments of the right SLF and their damage patterns would
change accordingly, specifically, transition from unilateral
SLF damage to bilateral SLF damage, and transition
from decreased FA values and increased RD values in the
unilateral SLF to increased AD values in the bilateral SLE.
Since the white matter pathway of the SLF connects several
important brain regions related to cognitive function, the
above-mentioned changes in damage patterns of the SLF
may also occur in brain regions connected by the SLF
during progression from diabetes to DR. In future studies,
these changes in the damage patterns of the SLF could be
used to discriminate between patients with diabetes and DR,
thus providing an important reference for the differential
diagnosis and treatment of DR. Correlation analysis
revealed a negative correlation between the AD values in
nodes 37-41 of the left SLF and HbAlc levels, suggesting
that the abnormal alterations in the segments of the SLF
may be influenced by clinical indicators of long-term
glycemic control, such as HbAlc levels, and HbAlc levels
may also reflect the degree of damage to the SLF. HbAlc
is an indicator for monitoring long-term glycemic control
and has been considered correlated with cognitive function
(7,39). The hyperglycemic environment tends to exacerbate
cognitive impairment. These findings suggest that glycemic
control is beneficial in delaying axonal injury in the SLF
and improving neuronal information transmission, thus
alleviating cognitive impairment in patients with DR.

There were some limitations to this study. First, due to
the AFQ’s strict criteria for fiber tract identification, the left
and right cingulum hippocampus were not identified in this
study. Second, the selection of fiber tracking parameters
(such fiber turning angle and termination criteria) during
AFQ may influence the tracking results, because the fiber
tracts may not follow the true information transmission
pathway of the brain. Third, this was a cross-sectional study
with a small sample size. Further large-sample longitudinal
studies are needed to confirm the patterns of longitudinal
changes in white matter fiber tract microstructure in
patients with DR. Due to the limited number of cases,
further clinical staging was not performed. Stratified studies
with a larger sample size are warranted to further explore
the correlation between the severity of DR and DTI
parameters.

Conclusions

This study found alterations in the white matter fiber tracts
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at the point-wise level in patients with DR using AFQ
analysis. Altered D'TT metrics in the segments of white
matter fiber tracts may be related to cognitive impairment

in DR.
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