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Abstract: The microbiome has become a hot issue in recent years. The composition, 
modification, alteration, and disturbance of gut microbiota were found to influence important 
physiological processes, including energy metabolism and microenvironmental homeostasis, 
and lead to various diseases, including obesity, type 2 diabetes mellitus and chronic kidney 
disease. Diabetic retinopathy (DR) is a major microvascular complication of diabetes 
mellitus and one of the leading causes of blindness and vision impairment. The underlying 
mechanisms in DR pathogenesis remain limited. Recently, important insights have been 
made regarding possible connections between gut microbiome dysbiosis and ocular disease 
including DR, uveitis, glaucoma, and age-related macular degeneration, and the concept of 
a “microbiota–gut–retina axis” has been put forward. Hence, we reviewed current under
standing of the relationship between DR and gut microbiota. We summarized potential 
pathophysiological mechanisms that contribute to the role of the gut microbiota on DR, 
including hyperglycemia, anti-diabetes drugs, microbial metabolites, and inflammatory prop
erties. We aimed to find novel effective therapeutic options to prevent the onset and 
development of DR. 
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Introduction
Diabetic retinopathy (DR) is one of the most common complications of diabetes 
mellitus (DM),1 and it is estimated that there will be nearly 191 million people with 
the disease by 2030.2,3 In addition, DR has become one of the leading causes of 
blindness and vision impairment in the working age population.4–6 A recent report 
indicated that cases of blindness due to DR may cost up to $500 million annually in 
the United States.7 Based on current epidemiologic investigations and clinical 
studies, the onset and progression of DR is complicated and has been associated 
with various factors, including duration of disease, glycemia and blood pressure 
control.8,9 However, the underlying molecular mechanisms in DR pathogenesis 
remain limited and unclear. The lack of effective therapeutic options for the 
prevention of DR necessitates further investigation of pathological mechanisms 
and effective approaches that would provide new therapeutic strategies against DR.

The microbiome has become a hot issue of concern for research in recent years. 
Previous evidence has demonstrated that the composition, modification and dis
turbance of gut microbiota affect important physiological processes, including 
energy metabolism and microenvironmental homeostasis.10,11 The gut dysbiosis 
held great significance in susceptibility to and development of various diseases 
in vivo in rodent and human studies, including obesity, type 2 diabetes mellitus 
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(T2DM), chronic kidney disease (CKD)12,13 and rheuma
toid arthritis (RA).14 Subsequent studies reported that gut 
microbiota could lead to chronic inflammation and imbal
ance of immune system referring to small-molecule con
stituents such as short-chain fatty acids (SCFA) and 
secondary bile acids and trim-ethylamine.15 The relation
ship between gut microbiota and ocular abnormalities 
including uveitis, glaucoma, and age-related macular 
degeneration (AMD) has been increasingly revealed, and 
the concept of a “microbiota–gut–retina axis” has been put 
forward.16,17 However, little has been understood regard
ing the molecular mechanisms of intestinal dysbiosis and 
how they induce retinopathy in patients with DM. 
Recently, data indicate that changes in the gut microbiome 
act as a key internal environmental modulator which 
favorably affects the pathogenetic processes underlying 
the micro-complications of DM such as DR.18

In this review, we propose to highlight the several 
potential pathophysiological mechanisms that contribute 
to the influence of the gut microbiota on DR, including 
hyperglycemia, anti-diabetes drugs, microbial metabolites 
and inflammatory properties. To achieve this, we searched 
electronic databases including PubMed, Web of Science, 
the Cochrane Central Register of Controlled Trials, 
EMBASE, OVID, China National Knowledge 
Infrastructure (CNKI), Wanfang and Weipu, using the 
following search terms: “diabetic retinopathy”, “retinopa
thy”, “retina”, “gut microbiota”, “gut flora”, “gastrointest
inal bacteria” and “gastrointestinal flora”. We included 
English or Chinese language articles and other content 
including clinical and experimental studies regarding DR 
up to January 2021. We took into consideration articles 
that contributed to the discussion of gut microbiota which 
played a role in the pathophysiology of DR.

Main Mechanisms of DR
Hyperglycemia
As already widely known, DR is related to several dominant 
risk factors such as hyperglycemia, hypertension, dyslipide
mia and obesity, and hyperglycemia has a major impact on 
the modulation of metabolism.4,19 The Diabetes Control and 
Complications Trial (DCCT) showed that intensive therapy 
reduced the risk of the development and progression of 
diabetic retinopathy.20 In addition, the United Kingdom 
Prospective Diabetes Study (UKPDS) confirmed a similar 
significant relationship among the degree of hyperglycemia 
and the incidence of DR in patients with T2DM.21 

Generally, the mechanism regarding hyperglycemia induced 
micro-angiopathy included oxidative stress and glucose- 
mediated endothelium dysfunction. In line with that, hyper
glycemia induced a significant increase in reactive oxygen 
species (ROS) production through glucose autoxidation or 
the activity of cytosolic nicotinamide adenine dinucleotide 
phosphate (NADPH) oxidase, or regulating mitochondrial 
respiratory chain.22 Previous studies indicated that ROS 
could lead to the impairment of the antioxidant defense 
system and influence retinal metabolic abnormalities. 
Furthermore, endothelium cell dysfunction can be caused 
by the production of toxic metabolites which interfere with 
glucose-mediated endothelium damage. In view of current 
knowledge, excess glucose inside the cells is converted to 
sorbitol by aldose reductase (AR), and sorbitol is further 
oxidized to fructose by sorbitol dehydrogenase (SDH).23 

When aldose reductase oxidizes NADPH to NADP(+), 
SDH uses NAD(+) to form nicotinamide adenine dipho
sphate hydride (NADH). This activation of the polyol path
way can reduce NADPH and NAD(+) levels, leading to the 
occurrence of redox in the body.24 In addition, hyperglyce
mia increases the thickness of the capillary basement mem
brane in the nerve fiber and outer plexiform layer, reduces 
the area of pericytes and increases the number of blood 
vessels, makes retinal capillary cells apoptotic, and 
decreases retinal dismutase as well as peroxidation catalase 
activity.25,26 Moreover, hyperglycemia-related retinal pig
ment epithelial cell apoptosis and inflammation play 
a vital role in the development of DR.

Inflammation
Inflammation is a key process in metazoan organisms due 
to its relevance for innate defense against infections and 
tissue damage. However, inflammation is also implicated 
in pathological processes such as DM. Notably, an aber
rant immune response following exposure to non-patho
genic stimuli in diabetes involving chronically relapsing 
inflammatory conditions is related to the pathogenesis of 
the disease and its complications. In a pre-print work, Luo 
et al27 have shown that inflammation participates in sev
eral events involved in DR pathogenesis. Especially, 
chronic disorders characterized by inflammation are also 
involved in the development of micro-complications of 
DM.28 Increased concentrations of pro-inflammatory cyto
kines were discovered in the serum, aqueous humor and 
vitreous of patients with DR compared with those without 
DR. During the inflammatory response, the increased 
expression of vascular endothelial growth factor (VEGF) 
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production can promote retinal pigment epithelial (RPE) 
cell proliferation, and increase vascular permeability, lead
ing to inner retinal and vitreous hemorrhage.29 VEGF 
pathways play significant roles in regulating the expres
sion of intercellular adhesion molecule-1 (ICAM-1) in 
endothelial cells, and activating leukocytes to release 
some cytokines, which contributes to an increase in the 
expression of VEGF, and further aggravates the inflamma
tory response.30 At present, intraocular injection of anti- 
VEGF drugs is widely applied in the treatment of retinal or 
choroidal neovascular disorders such as DR, retinopathy of 
prematurity, and AMD.31,32 A large number of experi
ments have shown that VEGF can be produced by retinal 
glial (Müller) cells. The inhibition of glial cells can reduce 
the expression of tumor necrosis factor (TNF) -α, ICAM- 
1, etc.33,34 The inflammatory response also directly 
interacts with cell adhesion and a breakdown of the 
blood–retinal barrier (BRB).35 The expression of inflam
matory protein is increased by the activation of pro-inflam
matory transcription factors. In patients with proliferative 
DR, the expression of nuclear factor (NF) -κB is signifi
cantly higher than that of non-DR individuals.36 

Activation of NF-κB eventually brings about the synthesis 
of a variety of cytokines, chemokines, acute-phase pro
teins and pro-inflammatory molecules, mediating the pro
duction of inflammatory responses.

Given the crucial role of inflammation in the regulation 
of immune responses in retinopathy and the maintenance 
of metabolic health, we believe that further studies are 
necessary to improve our knowledge concerning possible 
pathophysiological mechanisms in the context of DR.

Evidence that Gut Microbiota May 
Be Associated with DR
Nowadays, the gut microbiome has become a focus of 
much research, with both human studies and rodent mod
els. Recent findings suggested that there is a significant 
association between gut dysbiosis and various disorders, 
such as hypertension, cardiovascular diseases (CVDs), 
diabetes and obesity.37–39 Larsen et al initially confirmed 
the relationship between gut microbiota (Firmucutes and 
Bacteroidetes) and diabetes. Diabetes is associated with 
lower relative abundance of Firmicutes, while the propor
tion of Bacteroidetes is higher.40 Subsequently, further 
investigations indicated that microbial dysbiosis was 
related to systematic biochemical metabolism, insulin 
resistance and T2DM, uncovering the function of the 

microbiome in diabetes. The increased understanding of 
gut microbiota potentially provides effective therapeutic 
approaches for prevention and management of diabetes.41 

However, the role of microbial dysbiosis in pathogenesis 
of diabetic microvascular complications, such as DR or 
nephropathy, remains elusive.42 A potential relationship 
between microbiome and DR, even indirect, may exist. 
In fact, metabolic factors associated with chronic low- 
grade inflammation and oxidative stress, that link altered 
intestinal microbiota composition and T2DM, are also 
influencing the onset and progression of DR. Generally, 
gut microbiota dysbiosis leads to continuous inflammation 
and immunosenescence, both of which may be associated 
with the pathogenesis of DR (Figure 1).

A previous study in a diabetic db/db mice model of 
diabetes has provided evidence regarding effects of intermit
tent fasting (IF) on the development of DR, and the IF regi
men could lead to a reduction of retinopathy, including 
acellular capillaries and immune infiltration.43 Interestingly, 
researchers found that IF increased levels of Firmicutes but 
decreased Bacteroidetes and Verrucomicrobia. Further, they 
demonstrated the positive effect of IF on improvement of the 
gut barrier, that is, that IF could improve gut structure in a db/ 
db mice, including increased gut mucin, goblet cell number, 
and villi length and reduced peptidoglycan. Notably, IF 
increased expression levels of Tauroursodeoxycholate 
(TUDCA; UR 906; Taurolite), which is an endoplasmic 
reticulum (ER) stress inhibitor as well as a secondary bile 
acid with neuroprotective properties.44 TUDCA modulated 
the glycolipid metabolism through farnesoid X receptor 
(FXR) and bile acid G-protein-coupled membrane receptor 
TGR5. Rizzo et al have indicated the functional character
ization of INT-767, a potent and selective FXR receptor and 
TGR5 agonist, suggesting their potential application in liver 
and metabolic diseases treatment.45 Additionally, INT-767 is 
a safe and effective modulator of FXR and TGR5-dependent 
pathways, suggesting potential clinical applications in the 
treatment of metabolic disorders and their complications.46 

Beli et al found that INT-767 could prevent DR in diabetic 
mice model prevent.43 Collectively, these preclinical findings 
indicate that IF intervention modified the gut microbiota 
toward species, and produced TUDCA, which promoted 
TGR5 activation in retinal neurons and subsequently pre
vented DR by TGR5 activation in retinal neurons. Recently, 
Das et al demonstrated the alteration in the diversity and 
abundance of gut microbiota in patients with T2DM and 
DR. Gut microbiomes of DR patients were found to be 
discriminatory. Anti-inflammatory, probiotic, and possibly 
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pathogenic bacteria were reducsed in people with DR in 
comparison to healthy people and patients with T2DM. DR 
microbiomes performed a decrease in the pro-inflammatory 
organisms Sutterella, probiotic bacterium Lactobacillus and 
possibly pathogenic bacteria including Clostridium, 
Haemophilus, Erwinia, Desulfovibrio, Bulleida, Rothia, 
and Comamonas. Similarly, anti-inflammatory bacterium 
including Roseburia, Lachnospira, Blautia, 
Faecalibacterium, Bifidobacterium, and Ruminococcus 
were reduced in people with DR in comparison to healthy 
controls and patients with T2DM.47

Hypothesis that Gut Microbiota 
Cause DR
Inflammation
Interestingly, gut microbiota dysbiosis under hyperglycemia 
with type 2 diabetes causes bacterial translocation and 

intestinal endotoxin accumulation, resulting in intestinal 
inflammation.48 Insoluble LPS can be present in the gut and 
pass into the bloodstream.49 Lipopolysaccharide (LPS) was 
proven to be a major component of microbial translocation 
during chronic inflammation.50 LPS derived from gram- 
negative bacteria and elevated in the intestine of patients 
with T2DM was proven to cause metabolic endotoxemia, 
disrupt the arrangement of tight junction proteins, increase 
intestinal permeability and damage the intestinal epithelial 
barrier, thereby allowing intestinal bacterial metabolites to 
enter blood circulation.51–53 LPS-mediated activation of toll- 
like receptor 4 (TLR-4) complex could induce the myeloid 
differentiation primary-response protein (MyD88) and the 
tumor necrosis factor receptor-associated factor-6 (TRAF- 
6), and subsequently lead to release of NF-kB/Rel family 
members.54 The disorder in intestinal flora composition and 
function and increasing levels of Helicobacter Pylori 
(H. pylori) can also induce the expression of IL-6 and 

Figure 1 Gut microbiota modulates inflammation and immune mechanism of hyperglycemia-induced DR. Gut microbiota dysbiosis under hyperglycemia with type 2 diabetes 
(T2DM) causes bacterial translocation and gram-negative bacteria increase allowing accumulated production of LPS into blood circulation. Elevated LPS level activates NF-κB 
through TLR-4-MyD88, increases the expression of IL-6 and TNF-α, and also can deregulate the innate and adaptive immune response. Increased Hp can induce the 
expression of IL-6 and TNF-α, and IL-6 can cause damage to vascular endothelial cells. The increasing abundance of E. coli in the microbiome of patients with T2DM will lead 
to the generation of oxygen free radicals, causing neuronal cell apoptosis and extensive damage to retinal endothelial cells, and promote the development of DR. Gut 
microbiota associates with the serum levels of TMAO, which promotes vascular inflammation by activating inflammasome, NLRP3, through reactive oxygen species (ROS) 
signaling pathway. Further, the NLRP3 inflammasome modulates the structure and function of BRB to induce damage of retina. Patients with T2DM commonly have 
a moderate degree of gut microbial dysbiosis, the abundance of some bacteria that produce butyrate reduction, and impact the levels of SCFA. SCFA production by colonic 
fermentation, which binds to the GPR43, regulates inflammation and GLP-1 secretion, and further influences the development of DR. 
Abbreviations: DR, diabetic retinopathy; LPS, lipopolysaccharide; TLR-4-MyD88, toll-like receptor 4/myeloid differentiation primary RB response 88; Hp, H. pylori; TMAO, 
trimethylamine-N-oxide; NLRP3, nucleotide-binding oligomerization domain-like receptor family pyrin domain-containing 3; BRB, blood–retinal barrier; SCFA, short-chain 
fatty acid; GPR43, G-protein-coupled receptor-43; GLP-1, glucogon-like-peptide-1.
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TNF-α. The secretion of these inflammatory cytokines can 
cause damage to vascular endothelial cells.55,56 The destruc
tion of vascular endothelial cells induces disruption of vas
cular tone and hemodynamic changes, resulting in the 
activation of the coagulation and complementary systems, 
enhancing vascular permeability, and ultimately leading to 
microvascular occlusion and development of new blood ves
sels (retinal neovascularization), which exacerbates the 
occurrence of DR or diabetic macular edema (DME).57–59 

Moreover, Huang et al recently found an increased level of 
gram-negative bacteria Bacteroidetes and Desulfobacterota 
phyla in participants with DR in comparison to those with 
DM. LPS derived from Bacteroidetes and Desulfobacterota 
could generate inflammatory injuries, trigger abnormal equi
librium of metabolism, and inhibit endotoxin tolerance, all of 
which are related to the pathogenesis of retinopathy.18,60 

Influence of endotoxin-mediated retinal inflammation on 
phenotype of diabetic retinopathy. Additionally, Vagaja 
et al revealed that endotoxin-mediated retinal inflammation 
may have impact on phenotype of DR, that is, the systemic 
LPS exposure in Ins2 Akita mice could accelerate the 
damage of retinal capillary endothelium and attenuation of 
the retina.61 In addition, the increased abundance of 
Escherichia coli (E. coli) in the microbiome of patients 
with type 2 diabetes increases the level of uric acid, leading 
to the generation of oxygen free radicals, causing neuronal 
cell apoptosis and extensive damage to retinal endothelial 
cells, and also promotes the onset of DR.62 High glucose 
level could induce toll-like receptor (TLR-4) expression in 
retinal ganglion cells (RGCs), regulate its signaling pathways 
and increase the expression of inflammation cytokines such 
as TNF-α, IL-8, and NF-κB, and thus promote glycosylation 
enzyme activity, activate microglia, increase vascular perme
ability and generate neuronal damage, which ultimately 
exacerbate retinopathy.63,64

Generally, gut microbial metabolism of choline leads to 
the formation of trimethylamine (TMA) and is the precursor 
of trimethylamine-N-Oxide (TMAO). In vivo, the serum 
levels of TMAO are associated with T2DM.65 Research 
suggested that individuals with an unhealthy body mass 
index (BMI) or abnormal glycemia were associated with 
higher serum levels of TMAO. TMAO promotes vascular 
inflammation by activating inflammasome, a nucleotide- 
binding oligomerization domain-like receptor family pyrin 
domain-containing 3 (NLRP3), through the ROS signaling 
pathway. Activation of NLPR3 inflammasome could be 
triggered by active oxygen species generation.66,67 

Previous reports have revealed that the activation of 

NLRP3 inflammasome is related to the pathogenesis of 
PDR.68–70 Compared with healthy controls, NLRP3 gene 
and protein expression were increased in peripheral blood 
mononuclear cells in patients with DR, and IL-1β and IL-18 
levels were also elevated in peripheral blood mononuclear 
cells and vitreous fluid in patients with DR.71 TMAO can 
also promote the phosphorylation of NF-κB, which in turn 
induces inflammatory factors, such as IL-1β, IL-6, IL-8, 
TNF-α, monocyte chemotactic protein-1 (MCP-1), cycloox
ygenase-2 (COX-2), and ICAM.72,73 ICAM-1 increases 
adhesion of monocytes and induces activation of protein 
kinase C (PKC), and down-regulates the expression of the 
zonulin (Zo) gene, contributing to retinal endothelial 
dysfunction.74 Recent studies have shown that NLRP3 is 
activated in the retina of diabetic mice and human vitreous 
samples mediating retinal microvascular endothelial cells 
damage stimulated by hyperglycemia.75–77 The activation 
of NLRP3 inflammasome may be related to the pathogen
esis of retinopathy. The expression levels of NLRP3 are up- 
regulated in human retinal vascular endothelial cells 
(HRCECs) cultured with hyperglycemia and promote apop
tosis of HRCECs. The apoptosis of HRCECs is decreased 
significantly when NLRP3 is silenced, and the NLRP3 
inflammasome regulates the structure and function of BRB 
to induce damage of the retina.78

Anti-Diabetes Drug Use
Increased understanding of the interaction between use of 
anti-diabetes drugs and the microbiome could shed light 
on a correlation between intestinal flora and the occurrence 
and development of DR. Metformin is one of the most 
commonly used medications for the treatment of T2DM 
and its complications. Recently, a retrospective chart 
review study has shown that use of metformin 
is associated with a lower incidence of retinopathy in 
patients with T2DM.79 Metformin has both anti-angio
genic and anti-inflammatory effects on HRCECs by reg
ulating NF-κB p65, ICAM-1, MCP-1, and IL-8, and can 
reduce retinal neovascularization in Vldlr (-/-) mice and 
suppress leukocytosis in streptozotocin (STZ) induced dia
betic mice.80 Additionally, the strong impact of metformin 
on the gut microbiome mediating its anti-diabetes effects 
was proposed.81 Sodium glucose co-transporter 2 (SGLT2) 
inhibitors are widely applied in patients with diabetes to 
improve blood glucose level and prevent diabetes-related 
complications. Recently, Herat et al determined the pro
tective effects of SGLT inhibitor alterations of gut micro
biome; SGLT inhibition could decrease metabolic 
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succinate level, increase SCFA butyric acid level and 
reduce norepinephrine content in diabetic mouse 
models.82 Succinate is an intermediate metabolite of gut 
metabolism which can be related with high incidence of 
DR. Succinate interacting with its specific receptor GPR91 
can activate VEGF in retinal ganglion cells, thus aggravat
ing the pathogenesis of DR.83 Taken together, there may 
be some potential changes in anti-diabetes treatment 
response and beneficial effects of metformin use against 
retinopathy, which will be related to different effects on 
the gut microbiome.

Microbial Metabolism
Microbial metabolites, including SCFA, glucogon-like- 
peptide-1 (GLP-1) and kynurenine (KYN), were proved 
to be associated with the development of DR. SCFA is 
a metabolic product of intestinal microbiome that breaks 
down carbohydrates or amino acids, such as acetic acid, 
propionate and butyrate.84 Hyperglycemia might result in 
disruption of the intestinal barrier and dysfunction of 
intestinal epithelial cells, and SCFAs absorption and utili
zation were the critical source of energy.85 In addition, it is 
worth noting that patients with T2DM commonly have 
a moderate degree of gut microbial dysbiosis, and the 
abundance of butyrate-producing bacteria is reduced, 
affecting the levels of SCFA.86,87 SCFA produced by 
colon fermentation binding to G-protein-coupled receptor 
43 (GPR43) could regulate inflammation and GLP-1 
secretion. Lixisenatide, a novel GLP-1 analog, has been 
confirmed to have vascular protective effects in diabetic 
rats.88 Liraglutide, which was approved by the FDA, in the 
application of T2DM was found to be associated with the 
reduction of gut microbial alpha diversity and the altera
tion of community distribution and the microbial interac
tion network.89 Meanwhile, another GLP-1 analog, 
exendin-4 (Ex-4), can reduce BRB permeability, and mod
ulate the inflammatory response to LPS as well as inhibit 
NF-κB activation.90 Recently, it has been shown that GLP- 
1 intervention reduces the levels of NADPH oxidase 3 
(NOX3), superoxide dismutase 2 (SOD2), caspase3 and 
light chain 3B (LC3B), while it activates the expression of 
B-cell lymphoma 2 (Bcl-2) in retina of type 2 diabetic rats, 
which suggests that GLP-1 treatment can alleviate apop
tosis and autophagy of retinal cells.91 In particular, indo
leamine 2, 3-dioxygenase (IDO) is thought to be 
responsible for tryptophan metabolism and promotes tryp
tophan to produce KYN. Tryptophan also produces deri
vatives such as indole-3-acetic acid (IAA) by intestinal 

bacterial metabolism. KYN is produced by irreversible 
transamination of kynurenine aminotransferase I (KAT-I) 
and kynurenine aminotransferase II (KAT-II). Further, 
KYNA is involved in retinal senescence and neurodegen
eration. Studies have confirmed that there is a significant 
correlation between serum levels of IDO, KYN, and 
KYNA and the severity of DR in patients with diabetes.92

Microbiota–Gut–Retina Axis
Accumulating evidence reveals a reliable connection 
between gut microbiome and retina disease, which is 
considered to be a “microbiota–gut–retina axis” and 
plays a causal role in the onset and development of 
ocular diseases, including uveitis, glaucoma, AMD and 
DR.93,94 The axis proposed in recent studies 
demonstrates that the composition and disturbance of 
microbiome might potentially regulate body metabolism 
and serve as a source of inflammation and human sys
tematic disease.95,96 Andriessen et al demonstrated that 
high-fat diet-induced obesity caused gut dysbiosis which 
can drive retinal inflammation and pathological angio
genesis in mouse models of laser photocoagulation- 
induced choroidal neovascularization (CNV).97 Rowan 
et al indicated that compositional and functional altera
tions in gut microbiota might influence the products of 
the microbiome; for instance, serotonin and carbohy
drate nutrition are preventive against AMD using dietary 
glycemic-induced mouse models.98 Additionally, a series 
of observational researches has proven the potential role 
of micronutrient supplementation in the pathophysiology 
and rapid progression of ocular disease.99–102 Moreover, 
a better understanding of the basic mechanism of the 
microbiota–gut–retina axis can help investigators pro
mote a new model of retinal disease care based on 
healthy eating habits and micronutrient intake. These 
practices can regulate the intestinal flora to reduce mal
nutrition, intestinal leakage and low glycemic index 
(LGI), and have protective abilities against retinal 
damage.103 Further research is needed to clarify whether 
the regulation of intestinal flora through dietary inter
vention can clinically delay the pathogenesis of retinal 
diseases.

Conclusion and Outlook
In short, the gut microbiota has been naturally known as 
a new human organ system that co-evolves with the host. 
Growing evidence suggests that gut microbiota plays 
a crucial role in the development of T2DM. Our review 
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provided comprehensive evidence for the potential role of 
gut microbiota in the development of retinopathy. This 
review consists of the main mechanisms of DR, including 
hyperglycemia and inflammation, and alternative 
mechanisms which contain evidence that gut microbiota 
may be associated with DR. The hypothesis is that gut 
microbiota cause DR, microbial metabolism, and the 
microbiota–gut–retina axis. However, direct evidence of 
dysbiosis in DR are weak and further studies on cellular 
and molecular mechanisms and well-controlled human 
studies are needed for verification. Dissecting the gut 
microbiota through a comprehensive approach such as 
multiomics will help us understand the underlying patho
genic mechanisms, especially by focusing on the identi
fication and functional analysis of specific regulatory 
species. These will provide essential information to mod
ulate the potential role of gut microbiota in the prediction 
of retinopathy risk and therapeutic monitoring and are 
expected to decrease the onset and progression of retino
pathy and prevent visual impairments in patients with 
diabetes.
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