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Editorial on the Research Topic
Ocular complications associated with diabetes mellitus

Diabetes mellitus (DM) is a major expanding health problem with the fastest growing
health challenges in the 21* century. DM is strongly associated with both microvascular
and macrovascular complications. The eye is a window to several systemic and neuro-
ophthalmic complications and associations of diabetes (1). The retinal vascular fractals
reflect long-term microvasculopathy and the pathological and morphological changes of
corneal nerve reflect severity of diabetic neuropathy. Preventive measures and early
intervention can significantly reduce the morbidity caused by ocular complications
associated with diabetes.

This Research Topic highlight the wide spectrum of latest advancements in basic and
clinical concepts in the diagnosis, progression, treatment outcomes, and the application of
Al techniques in clinical research for diabetes related complications.

Diabetic retinopathy

Diabetic retinopathy (DR) is the leading cause of blindness in the working age
population in both developed and developing countries. DR and diabetic nephropathy
(DKD) are the commonest microvascular complications of DM. Early diagnosis and
prompt intervention of sight threatening DR are critical in patients with DM to achieve a
good visual outcome. Molecular and imaging biomarkers and artificial intelligence (Al), as
well as gene and stem cell research are gathering pace in both early prevention and
management of DR. In this Research Topic, Tan and Wong discusses the major trends in
DR in 2023 that includes epidemiology especially the global burden of DR, the
pathophysiological understanding of DR especially retinal neural dysfunction and, the

Abbreviations: Al, Artificial intelligence; DED, Dry eye disease; DKD, Diabetic nephropathy; DM, Diabetes
mellitus; DME, Diabetic macular edema; DR, Diabetic retinopathy; GLP-1R, Glucagon-like peptide-1
receptor; NVG, Neovascular glaucoma; PDR, Proliferative diabetic retinopathy; POAG, Primary open
angle glaucoma; SGLT, Sodium-glucose co-transporter; GLUT1, Glucose transporter type 1.
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application of new imaging modalities and AI in DR. Xie and Xiao
provide insight into the recent advancement and progress made on
inflammatory and arteriosclerosis-associated biomarkers; novel
therapeutic strategies including anti-VEGF therapy, renin-
angiotensin-aldosterone system therapy, nanotechnology on DR
and diabetic nephropathy (DKD). Zhang et al. investigate the
mechanisms underlying the correlations between DR and DKD in
patients with T2DM. The findings highlight the predictive role of
Albumin-to-creatinine ratio on DR severity and progression,
indicating the link between DR and DKD and the association
with dyslipidemia and upregulated circulating level of angiogenic
cytokines. Furthermore, Chen et al., Liu et al.,, Huang et al. describe
potential circulating molecular biomarkers and targets for DR
including Glucagon-like peptide-1 receptor (GLP-1R), sodium-
glucose co-transporter (SGLT) 1, SGLT2, Glucose transporter
type 1 (GLUT1) and GLUT2 ferroptosis-related, L-Citrulline,
hexanoylcarnitine, chenodeoxycholic acid and eicosapentaenoic
acid. By using a non-parametric technique, Wang et al. identified
eight predictive risk factors for DR including disease duration, body
mass index, fasting blood glucose, glycated hemoglobin homeostatic
model assessment-insulin resistance, triglyceride, total cholesterol
and vitamin D-T3. These interesting discoveries from bench or
bedside will likely become important components of
translational research.

Several Al techniques, such as machine learning and deep
learning, have been applied in automated screening, diagnosis
and prognosis prediction of DR and diabetic macular edema
(DME). The integration of AI with imaging technologies such as
digital fundus photography and optical coherent tomography will
continue to be an important area of DR research, with the potential
to further enhance our clinical practice. In this Research Topic,
Sheng et al. highlighted the fundamental concepts of AI and its
application in DR and further discuss the current challenges and
prospects of Al in ophthalmology. A machine learning based and
molecular docking methods were also applied to identify the
potential ferroptosis-related biomarkers and pharmacological
compound in DR by Liu et al. An overview of global publications
on machine learning in DR from 2011 to 2021 is also presented by
Shao et al. They conclude that diverse and multiple modalities of
medical data, new ML techniques and constantly optimized
algorithms are the future research areas in DR.

Diabetic ocular surface diseases

While DR is the most well-known complication of DM, ocular
surface diseases, including dry eye disease (DED) and diabetic
keratopathy are also common in the diabetic population. These
diabetic ocular surface diseases may seriously affect the quality of
life. Accumulation of advanced glycation end-products impaired
neurotrophic innervation and limbal stem cell function,
dysregulated growth factor signaling, and inflammation
contribute to the pathogenesis of diabetic keratopathy. Lacrimal
Functional Unit dysfunction, abnormal tear dynamics, and film
dysfunction have been implicated in the pathogenesis of DED. In
this Research Topic, Zhou et al. highlight the important roles of the
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dense innervations in the homeostatic maintenance of cornea and
the lacrimal gland. The clinical manifestation, potential treatment
options and underlying pathological mechanisms of diabetic
keratopathy (diabetic corneal epitheliopathy and corneal
neuropathy), diabetic corneal endotheliopathy, diabetic dry eye,
diabetic meibomian gland dysfunction have been illustrated in
detail. They further emphasize that studies on the neuroepithelial
and neuroimmune interactions will likely reveal predominant
pathogenic mechanisms and contribute to the development of
intervention strategies of diabetic ocular surface complications.
Liu et al. further provide an overview of the morphological
changes of diabetic corneal neuropathy using in-vivo confocal
microscopy in both animal and clinical studies. They introduce
the pathological changes in maturation stages of corneal dendritic
cells (DCs) in DM, emphasizing the relationship between corneal
DCs and clinical parameters including age, corneal nerve status and
metabolism parameters., The two comprehensive reviews
provide valuable insight into the development of diagnostic,
preventive, and therapeutic strategies for DM-associated ocular

surface complications.

Diabetes associated glaucoma

Glaucoma is a significant cause of blindness worldwide.
Primary open angle glaucoma (POAG) is the most common type
of glaucoma in patients with DM (2). The commonest type of
secondary glaucoma in patients with DM in clinical practice is
neovascular glaucoma (NVG), which is characterized by the
appearance of neovascular over the iris and the proliferation of
fibrovascular tissue in the anterior chamber angle mainly due to DR.
In this Research Topic, Tang et al. outline the underlying
mechanisms management strategies of NVG in patients with DM
in eyes with proliferative DR (PDR). In a mini review article,
Cheng et al. describe the correlations between biomechanical
dyshomeostasis and glaucoma and other ocular diseases,
providing novel diagnostic and treatment strategies targeting
mechanobiology of these disorders.

Summary

In conclusion, DM associated ocular complications has
progressively and rapidly becoming the most significant cause of
morbidity, which are preventable with early detection and timely
management. Besides DR, diabetic ocular surface disorder and
glaucoma, other DM associated ocular complications including
cataract, DM related refractive changes, eye infection, optic
neuropathies (diabetic papillopathy, non-arteritic anterior
ischemic optic neuropathy) etc. can also be caused by chronic
hyperglycemia. Routine eye examinations and intervention at the
right point as well as systemic interventions including blood
glucose, hypertension and hyperlipidemia control are essential for
the reduction of DM related vision loss. The convergence of
technologies and the proliferation of biologics as therapeutics
promise to provide more novel and effective treatment options as
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augmentations or through other delivery methods. This Research
Topic provided new insight into the mechanisms, molecular
biomarkers, Al, and intervention strategies for DM associated
ocular complications.

Author contributions

XZ drafted and revised the manuscript, SS and DT provided
comments and made revisions. All authors contributed to the article
and approved the submitted version.

Funding

This work was supported by the National Natural Science
Foundation of China [Grant 81570850 and 82070988] and the
Ministry of Science and Technology Foundation of China [Grant
2016YFC1305604]. SS is supported by the NIHR Biomedical
Research Centre and Clinical Research Facility at the Moorfields

References

1. Mortensen PW, Wong TY, Milea D, Lee AG. The eye is a window to systemic and
neuro-ophthalmic diseases. Asia-Pacific ] Ophthalmol (Philadelphia Pa) (2022) 112:91-
3. doi: 10.1097/ap0.0000000000000531

Frontiers in Endocrinology

03

10.3389/fendo.2023.1193522

Eye Hospital National Health Service Foundation Trust and the
University College London Institute of Ophthalmology.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

2. Tielsch JM, Katz J, Quigley HA, Javitt JC, Sommer A. Diabetes, intraocular
pressure, and primary open-angle glaucoma in the Baltimore eye survey. Ophthalmol
(1995) 1021:48-53. doi: 10.1016/s0161-6420(95)31055-x

frontiersin.org


https://doi.org/10.1097/apo.0000000000000531
https://doi.org/10.1016/s0161-6420(95)31055-x
https://doi.org/10.3389/fendo.2023.1193522
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Editorial: Ocular complications associated with diabetes mellitus
	Diabetic retinopathy
	Diabetic ocular surface diseases
	Diabetes associated glaucoma
	Summary
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


