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The blinding eye condition known as diabetic retinopathy (DR) is preventable and manageable.
DR is becoming more common right now, and both prevention and therapy are extremely dif-
ficult. However, the precise mechanism of the association between DR and anxiety and de-
pression has not yet been fully elucidated. Recent studies have demonstrated that DR is linked
to negative psychology, and research on DR accompanied by anxiety and depression has also
made some headway. In addition to offering fresh perspectives on the multi-factor regulation
mechanism of DR, early detection and prevention, and bolstering diabetes health management,
this paper examines the clinical, mechanism, and influencing aspects of DR and anxiety and

depression in recent years.
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IABETIC retinopathy (DR) has emerged as a signifi-

cant global public health issue as the prevalence of

diabetes rising (1). Many variables can cause DR to
develop and spread, according to studies (2). The “biologi-
cal-psychological-social” medical model discovered that diabe-
tes, DR, and psychology interact, opening up a new avenue for
research into the pathophysiology of DR. Thus, vigorously ex-
plore the psychological mechanisms underlying the etiology and
progression of DR, promptly identify and treat psychological
disorders associated with DR, provide novel techniques to blood
sugar management and the prevention and treatment of visual
impairment (3). This review summarizes as follows when taken
in conjunction with current research on the association between
DR patients’ mental states of anxiety and depression.
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Epidemiology of Diabetic Retinopathy

Accordingly, the prevalence of diabetes among adults globally
hit 10.5% in 2021, and there were 16% more cases of the dis-
ease than in 2019 (4). The most frequent neuromicrovascular
side effect of diabetes is DR. A third of diabetic people may get
retinopathy, and 11% of patients with DR will progress each
year to the level that threatens their ability to see (5). DR is cur-
rently the main contributor to blindness among working people
(6). If the prevalence of diabetes rises and patient life expectan-
cies rise, DR may overtake other conditions as the leading cause
of blindness (7). However, studies have revealed that because of
early diagnosis and diabetic care, the prevalence of DR has de-
creased in developed nations in recent years (8). On the one
hand, earlier disease detection and DR prevention are made
possible by improved diabetes diagnosis and management
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standards. Potential psychological stress may accelerate the
progression of DR through biological pathways (9) or through
behavioral pathways (10), which can result in poor blood sugar
control and increase the risk of DR. On the other hand, psycho-
logical factors are significantly related to the occurrence and
development of DR (11), active diabetes health management,
psychological intervention, and DR can be slowed down (12). In
order to prevent and treat visual impairment as well as manage
diabetes holistically, it is important to pay attention to psycho-
logical aspects and their underlying mechanisms and to act
quickly.

Psychological Assessment Tools for Patients
with Diabetes and Diabetic Retinopathy
Clinicians’ diagnoses or psychological assessments are fre-
quently utilized for judgment in the psychological examination
of patients with DR. There are various evaluation methods for
various evaluation needs. The psychological scale has high reli-
ability and validity, is easy and efficient, and can not only de-
termine the severity of a patient’s condition but also assist ob-
servation, monitoring, or referral for further diagnosis and
treatment (13). The Generalized Anxiety Disorder Scale
(GAD-7), Patient Health Questionnaire Depression Scale
(PHQ-9), Center for Epidemiology Depression Scale (CES-D),
and Geriatric Depression Scale (GDS) are some of the most
commonly utilized screening scales. The Hamilton Anxiety
Scale (HAMA) and the Hamilton Depression Rating Scale
(HAMDS) are two physician rating systems. The Self-rating
Anxiety Scale (SAS), the Self-rating Depression Scale (SDS),
the General Hospital Anxiety and Depression Scale (HADS),
and the Self-rating Depression Inventory are all patient
self-rating scales (BDI). Nonetheless, other research has found
that, when compared to clinical interviews, self-rating scales
have a greater diagnosis rate for depression prevalence (14). As
a result, multi-center, large-sample research, as well as the com-
bination of patient self-evaluation and other physician assess-
ments, can help to eliminate bias. Also, the discrepancies be-
tween the scales will have an effect on the research results. If the
scale can be standardized, the heterogeneity of the meta-analysis
results can be reduced.

Correlation Analysis between Diabetic Reti-
nopathy, Anxiety, and Depression

According to Khoo et al., the severity of DR and concomitant
visual impairment is correlated with poor psychology (15). Pa-
tients with diabetes and DR scored higher on sadness, anxiety,
mental health, and vision-related quality of life questionnaires
than diabetic patients. Depression is prevalent at a lower rate.
However, depression was linked to an increased risk of DR and
disease development.

Depression and DR have a bidirectional link. First, in di-
abetic individuals, DR is an independent risk factor for depres-
sion (16). The incidence of depression in DR patients has been
reported to be 15.4%. Diabetes patients with severe
non-proliferative and proliferative DR have an increased inci-
dence of depression (17). According to a survey of 294 patients
with DR, 35.7% showed depressive symptoms (18). Diabetic
patients with DR had higher levels of depression than those
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without DR (16). Second, depression is an independent risk
factor for DR (19). According to Sieu et al., for every 5-point
rise in the depression score, the chance of DR increases by 15%
(20). Diabetic patients with mental disorders had poor compli-
ance and that only a small percentage of them received compli-
cation checks and glycosylated hemoglobin monitoring, as well
as diabetes education and statins and other drug treatments,
which increased the risk of DR (21).

There is little clinical data to support the link between
anxiety and DR. According to studies, DR is not related to anxi-
ety, and the anxiety associated with DR is attributed to a history
of anxiety, concomitant disorders, or young age (22). The anxi-
ety level of the DR group was higher than that of the non-DR
group (23). At the moment, the preliminary stage of
small-sample, single-center, and observational studies have
yielded inconclusive results. As a result, more clinical proof
demonstrating the link between anxiety and DR is still required.

Although studies have shown that DR is bidirectionally
connected with depression, this correlation may be influenced
by diabetes type, DR, and depression severity classification, and
subgroup analysis can be used to investigate this. Furthermore,
recent clinical studies mostly represent the prevalence link as
well as the influencing factors between the two. Prospective
cohort studies and clinical randomized controlled trials on a
larger scale are needed in the future to clarify the effect of psy-
chological intervention on the prevention and treatment of DR,
as well as to fine-tune the techniques, timing, and frequency of
psychological intervention.

Potential Neurobiological Mechanisms for the
Correlation between Diabetic Retinopathy and
Anxiety and Depression

Depressed people have a thinning of the retinal nerve fiber layer,
and ophthalmic examination may reveal ongoing chronic in-
flammation and neurodegeneration, which are possible indica-
tors for early detection of mental illness (24). The research on
the neurobiological mechanism of DR and related mental disor-
ders is still in its infancy, focusing mostly on the potential mo-
lecular control mechanism of diabetes and DR in relation to
anxiety and depression. By conducting in-depth study in the
field of organ interaction, the neurobiological mechanisms of
psychological variables and the onset of DR will be defined with
greater precision.

Insulin Resistance in Brain and Eye Tissue

More than 80% of type 2 diabetes patients have insulin re-
sistance. It may appear as a reduction in the sensitivity of nerve
cells to insulin in brain tissue (25). At the cellular level, insulin
resistance can damage neuronal plasticity, receptor regulation,
and neurotransmitter release (26). This damage eventually man-
ifests as brain regulation of metabolism at the functional level.
Insulin resistance may also result from the downregulation of
insulin receptors or the inability to bind insulin, as well as the
incorrect activation of insulin signaling cascades (27). At the
same time, the pathophysiology of DR is underpinned by hyper-
glycemia. A hyperglycemic environment is made worse by insu-
lin resistance, which also encourages downstream oxidative
stress, the production of advanced glycation end products, and
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activation of the protein kinase C pathway, leading to aberrant
retinal nerve tissue and the microvascular system (28). The
hexosamine route can also overactivate insulin resistance, in-
creasing oxidative stress and speeding up the development of
DR (29, 30).

Interaction of Immune Inflammation and Hy-
pothalamic-Pituitary-Adrenal (HPA) Axis
Interleukin (IL), tumor necrosis factor (TNF), and chemokines
are markedly elevated in the serum, vitreous, and aqueous hu-
mor of individuals with DR, which can cause damage to retinal
microvessels and neurons, leading to the development of DR
(31). While IL-6 and C-reactive protein are consistently high in
the peripheral blood of depressed patients, TNF-a, IL-1, and
IL-8 are also elevated, but the reason for this is unknown. On
the one hand, the level of inflammatory factors in the blood rises,
which stimulates the HPA axis to produce more cortisol (32).
High cortisol reduces insulin sensitivity and triggers type 2 dia-
betes and concurrent DR (33). On the other hand, inflammatory
factors reduce nerve and synaptic plasticity, resulting in hippo-
campal cell apoptosis, mood changes, and even anxiety and
depression (34). On the other hand, IL-6 might cause a decrease
in brain-derived neurofactor (BDNF) via oxidative stress, as
well as a decrease in serotonin levels, resulting in the appear-
ance of depression (35). Therefore, immunological inflammation
and hyperactivity of the HPA axis may be the major biological
processes generating concomitant DR anxiety and depression,
but the detailed molecular regulatory network has to be unrav-
eled.

Modulation of Gut-Brain Axis (GBA) and
Gut-Eye Axis (GEA)
First, a key element of GBA is gut flora. Patients with type 2
diabetes have an imbalanced intestinal flora, which causes an
increase in inflammatory factor production, malfunction of the
HPA axis, and a decrease in BNDF synthesis, all of which con-
tribute to the development of depression (36, 37). The number of
Bacteroides, Lactobacillus, and Bifidobacteria was negatively
correlated with IL-6 and TNF-a, whereas the number of
Enterobacteriaceae and IL-6, IL-22, and TNF-a were positively
correlated, and there is a correlation between the number of
intestinal flora and inflammatory factors in elderly patients with
type 2 diabetes (38). At the same time, probiotic intervention
can alter the HPA axis’ excitability and lessen animals’ depres-
sive-like behavior (39). Moreover, intestinal flora can influence
nerve cell regeneration and differentiation, decrease BDNF se-
cretion, and cause symptoms of anxiety and depression (40).
Second, a key component of GEA is gut flora, and an im-
balance in this flora has been related in numerous studies to the
emergence and progression of DR (41, 42). Patients with DR
had higher levels of bacteria in their digestive tracts, and after
crossing the intestinal barrier, the lipopolysaccharide-rich cell
wall triggered retinal receptors. Lipopolysaccharide exposure in
multiple systems caused progressive retinal thinning and a
3.5-fold increase in endothelial cell damage in hyperglycemic
rats (43). Insulin resistance can also be explained by intestinal
flora via GEA, and flora disruption lowers butyrate, impairs
insulin sensitivity, and raises the prevalence of DR (44).
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Taurodeoxycholate also has a protective impact on the DR via
its interactions with receptors on retinal ganglion cells, and the
pharmaceutical target of GEA can be on this receptor (45). Ad-
ditional research has demonstrated that low levels of BDNF in
the brain can influence metabolism via gut flora, control
pro-inflammatory and anti-inflammatory molecules, and quick-
en the DR process (46). In conclusion, gastrointestinal
microecological disturbances might be a significant factor in DR
that is aggravated by anxiety and depression.

Influencing Factors of Anxiety and Depression
in Patients with Diabetic Retinopathy

Age and Gender

Accordingly, women and older age groups are more directly
associated with anxiety. According to related research, aging
may have a protective mechanism against anxiety (47). The
association between depression and DR in young people is
stronger than in older people (48). Female patients with DR had
higher levels of anxiety and sadness than men (49). However,
controversially, there is inadequate research to determine if
young female DR patients are more likely to be accompanied by
negative feelings (50). The gender-age interaction item can be
built, and the overall effect on patients can be studied using the
interaction model, allowing for a better identification of
high-risk groups with DR accompanied by anxiety and sadness
(51).

Vision Changes

Patients with DR have impaired eyesight as well as significant
difficulty with reading, working, and walking, which exacerbate
the severity of depression (52). Patients with visual acuity less
than 0.5 were frequently afflicted with elevated levels of anxiety
and despair (53). Yet, others contend that depression and visual
impairment in DR patients are unrelated (54). Some investiga-
tions have also demonstrated a correlation between intense neg-
ative emotions and the degree of visual acuity reduction in the
eye with relatively better vision (55). However, visual fluctua-
tions may be the primary cause of sadness in individuals with
newly diagnosed proliferative DR but that this association will
diminish within two years (56). Hirai et al. discovered that
whereas visual impairment was associated with depression in
DR patients, the association disappeared when the baseline em-
ployment status was accounted for (52). The association be-
tween visual acuity and DR accompanied by negative emotions
must be clarified by a multitude of longitudinal investigations.

Surgical Treatment

DR patients with a history of laser treatment were more suscep-
tible to depression and that the fear and suffering associated with
surgery would increase the incidence of anxiety and depression
(57). Photocoagulation can prevent additional vision loss and
neovascular bleeding, although it cannot greatly enhance eye-
sight. Patients anticipate a substantial increase in vision, result-
ing in a profound sensation of deficiency after surgery. However,
findings showed that surgery can greatly reduce anxiety and
depression, and there were variations in anxiety and depression
HADS ratings before and after surgery in patients with prolifer-
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ative DR (58). Hence, complete communication before surgery
and selecting an opportune time to do surgery are advantageous
in reducing the anxiety and despair of patients.

Hypoglycemic Drugs

According to studies, hypoglycemic medications have an-
ti-anxiety and anti-depressive effects. Metformin is an-
ti-oxidative, anti-inflammatory, and neuroprotective; it can im-
mediately alleviate anxiety and has antidepressant properties
(59). Glibenclamide can effectively regulate the inflammatory
response by lowering blood cortisol levels, as well as diminish
depressive and anxious behavior in animal models (60). Fur-
thermore, rosiglitazone and pioglitazone can slow the progres-
sion of inflammatory markers in individuals (61). In addition to
reversing the inhibitory effects of cortisol on the hippocampus
of mice, protecting synapses, and promoting nerve repair in the
hippocampus (62), liraglutide can also have antidepressant and
anxiety-reducing effects through influencing the action of do-
pamine in the mouse brain (63, 64). In addition, insulin can
operate as a neuromodulator and peptide hormone, greatly rais-
ing serotonin levels in the brain (65). Despite the fact that many
hypoglycemic medications can pass the blood-brain barrier and

References

1. Cheloni R, Gandolfi SA, Signorelli C, Odone A.
Global prevalence of diabetic retinopathy: Protocol
for a systematic review and meta-analysis. BMJ
Open 2019; 9(3):e022188. DOI:
https://doi.org/10.1136/bmjopen-2018-022188

2. Rasoulinejad SA, Hajian-Tilaki K, Mehdipour E. As-
sociated factors of diabetic retinopathy in patients
that referred to teaching hospitals in Babol. Caspian J
Intern Med 2015; 6(4):224-228.

3. Bain SC, Klufas MA, Ho A, Matthews DR. Worsening
of diabetic retinopathy with rapid improvement in
systemic glucose control: A review. Diabetes Obes
Metab 2019; 21(3):454-466. DOI:
https://doi.org/10.1111/dom.13538

4. American Diabetes Association Professional Practice
Committee. 3. Prevention or delay of type 2 diabetes
and associated comorbidities: Standards of medical
care in diabetes-2022. Diabetes Care 2022; 45(Suppl
1):S39-S45. DOI: https://doi.org/10.2337/dc22-S003

5. Lin KY, Hsih WH, Lin YB, Wen CY, Chang TJ. Update
in the epidemiology, risk factors, screening, and
treatment of diabetic retinopathy. J Diabetes Investig
2021; 12(8):1322-1325. DOI:
https://doi.org/10.1111/jdi.13480

6. Wong TY, Sabanayagam C. strategies to tackle the
global burden of diabetic retinopathy: From epidemi-
ology to artificial intelligence. Ophthalmologica 2020;
243(1):9-20. DOI: https://doi.org/10.1159/000502387

7. Lee R, Wong TY, Sabanayagam C. Epidemiology of

https://bonoi.org/index.php/si

Sl | February 28, 2023 | vol. 42 | no. 2

induce anxiolytic and depressive effects, additional research is
required to clarify the underlying mechanism of these drugs’
effects on the central nervous system.

Conclusion

Diabetes is a chronic disease that affects various organs
throughout the body, and a comprehensive understanding and
management of this condition are crucial. DR and its psycho-
logical condition have a significant negative impact on the qual-
ity of life of diabetic patients. We require not only exhaustive
and accurate epidemiological studies but also a concentration of
health efforts to increase DR screening and lower the risk of
blindness, as well as an active inquiry into the pathophysiology
of DR. Recent studies have indicated an association between DR
and anxiety and depression, but research on the psychological
etiology and associated risk factors of DR needs to be conducted
in greater depth. Screening for DR and psychological evaluation
of DR patients should be prioritized, and timely intervention of
negative emotions in DR patients would improve the blood sug-
ar control of diabetic patients and postpone the progression of
DR.m

diabetic retinopathy, diabetic macular edema and re-
lated vision loss. Eye Vis (Lond) 2015; 2:17. DOI:
https://doi.org/10.1186/s40662-015-0026-2

8. Wong TY, Sabanayagam C. The war on diabetic ret-
inopathy: Where are we now? Asia Pac J Ophthalmol
(Phila) 2019; 8(6):448-456. DOI:
https://doi.org/10.1097/AP0O.0000000000000267

9. Sun XJ, Zhang GH, Guo CM, Zhou ZY, Niu YL, Wang
L, Dou GR. Associations between psycho-behavioral
risk factors and diabetic retinopathy: NHANES
(2005-2018). Front Public Health 2022; 10:966714.
DOI: https://doi.org/10.3389/fpubh.2022.966714

10. Fenwick E, Rees G, Pesudovs K, Dirani M, Kawasaki
R, Wong TY, Lamoureux E. Social and emotional
impact of diabetic retinopathy: A review. Clin Exp
Ophthalmol 2012; 40(1):27-38. DOI:
https://doi.org/10.1111/j.1442-9071.2011.02599.x

11. XuL, Chen S, Xu K, Wang Y, Zhang H, Wang L, He
W. Prevalence and associated factors of depression
and anxiety among Chinese diabetic retinopathy pa-
tients: A cross-sectional study. PLoS One 2022;
17(4):e0267848. DOI:
https://doi.org/10.1371/journal.pone.0267848

12. Carpenter R, DiChiacchio T, Barker K. Interventions
for self-management of type 2 diabetes: An integra-
tive review. Int J Nurs Sci 2018; 6(1):70-91. DOI:
https://doi.org/10.1016/j.ijnss.2018.12.002

13. Lanzetta P, Sarao V, Scanlon PH, Barratt J, Porta M,
Bandello F, Loewenstein A; Vision Academy. Fun-
damental principles of an effective diabetic retinopa-

822


https://doi.org/10.1136/bmjopen-2018-022188
https://doi.org/10.1111/dom.13538
https://doi.org/10.2337/dc22-S003
https://doi.org/10.1111/jdi.13480
https://doi.org/10.1159/000502387
https://doi.org/10.1186/s40662-015-0026-2
https://doi.org/10.1097/APO.0000000000000267
https://doi.org/10.3389/fpubh.2022.966714
https://doi.org/10.1111/j.1442-9071.2011.02599.x
https://doi.org/10.1371/journal.pone.0267848
https://doi.org/10.1016/j.ijnss.2018.12.002

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

https://bonoi.org/index.php/si

thy screening program. Acta Diabetol 2020;
57(7):785-798. DOI:
https://doi.org/10.1007/s00592-020-01506-8. Erra-
tum in: Acta Diabetol. 2020.

Levis B, Yan XW, He C, Sun Y, Benedetti A, Thombs
BD. Comparison of depression prevalence estimates
in meta-analyses based on screening tools and rating
scales versus diagnostic interviews: A meta-research
review. BMC Med 2019; 17(1):65. DOI:
https://doi.org/10.1186/s12916-019-1297-6

Khoo K, Man REK, Rees G, Gupta P, Lamoureux EL,
Fenwick EK. The relationship between diabetic reti-
nopathy and psychosocial functioning: A systematic
review. Qual Life Res 2019; 28(8):2017-2039. DOI:
https://doi.org/10.1007/s11136-019-02165-1

Rees G, Xie J, Fenwick EK, Sturrock BA, Finger R,
Rogers SL, Lim L, Lamoureux EL. Association be-
tween diabetes-related eye complications and
symptoms of anxiety and depression. JAMA
Ophthalmol 2016; 134(9):1007-1014. DOI:
https://doi.org/10.1001/jamaophthalmol.2016.2213

Sharif S, Raza MT, Mushtaq S, Afreen B, Hashmi BA,
Ali MH. Frequency of depression in patients with type
2 diabetes mellitus and its relationship with glycemic
control and diabetic microvascular complications.
Cureus 2019; 11(7):e5145. DOI:
https://doi.org/10.7759/cureus.5145

Xu X, Zhao X, Qian D, Dong Q, Gu Z. Investigating
factors associated with depression of type 2 diabetic
retinopathy patients in China. PLoS One 2015;
10(7):e0132616. DOI:
https://doi.org/10.1371/journal.pone.0132616

Roy MS, Roy A, Affouf M. Depression is a risk factor
for poor glycemic control and retinopathy in Afri-
can-Americans with type 1 diabetes. Psychosom Med
2007; 69(6):537-542. DOI:
https://doi.org/10.1097/PSY.0b013e3180df84e2

Sieu N, Katon W, Lin EH, Russo J, Ludman E,
Ciechanowski P. Depression and incident diabetic
retinopathy: A prospective cohort study. Gen Hosp
Psychiatry 2011; 33(5):429-435. DOI:
https://doi.org/10.1016/j.genhosppsych.2011.05.021

Selvin E, Narayan KMV, Huang ES. Quality of care in
people with diabetes. In: Cowie CC, Casagrande SS,
Menke A, et al., editors. Diabetes in America. 3rd
edition. Bethesda (MD): National Institute of Diabetes
and Digestive and Kidney Diseases (US); 2018 Aug.
CHAPTER 41. Available at:
https://www.ncbi.nlm.nih.gov/books/NBK568015/

Ting DS, Cheung GC, Wong TY. Diabetic retinopathy:
Global prevalence, major risk factors, screening
practices and public health challenges: A review. Clin
Exp Ophthalmol 2016; 44(4):260-277. DOI:
https://doi.org/10.1111/ce0.12696

Morjaria R, Alexander |, Purbrick RMJ, Safa R,
Chong NV, Wulff K, Foster RG, Downes SM;
SOMNUS Study Group. Impact of diabetic retinopa-
thy on sleep, mood, and quality of life. Invest
Ophthalmol Vis Sci 2019; 60(6):2304-2310. DOI:
https://doi.org/10.1167/iovs.18-26108. Erratum in:
Invest Ophthalmol Vis Sci 2019; 60(10):3421.

Fenwick E, Rees G, Pesudovs K, Dirani M, Kawasaki

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

S| | February 28, 2023 | vol. 42 | no. 2

R, Wong TY, Lamoureux E. Social and emotional
impact of diabetic retinopathy: A review. Clin Exp
Ophthalmol 2012; 40(1):27-38. DOI:

https://doi.org/10.1111/j.1442-9071.2011.02599.x

Wilcox G. Insulin and insulin resistance. Clin Biochem
Rev 2005; 26(2):19-39.

Spinelli M, Fusco S, Grassi C. Brain insulin re-
sistance and hippocampal plasticity: Mechanisms
and biomarkers of cognitive decline. Front Neurosci
2019; 13:788. DOI:
https://doi.org/10.3389/fnins.2019.00788

Boucher J, Kleinridders A, Kahn CR. Insulin receptor
signaling in normal and insulin-resistant states. Cold
Spring Harb Perspect Biol 2014; 6(1):a009191. DOI:
https://doi.org/10.1101/cshperspect.a009191

Yuan T, Yang T, Chen H, Fu D, Hu Y, Wang J, Yuan Q,
Yu H, Xu W, Xie X. New insights into oxidative stress
and inflammation during diabetes melli-
tus-accelerated atherosclerosis. Redox Biol 2019;
20:247-260. DOI:
https://doi.org/10.1016/j.redox.2018.09.025

Horal M, Zhang Z, Stanton R, Virkamaki A, Loeken
MR. Activation of the hexosamine pathway causes
oxidative stress and abnormal embryo gene expres-
sion: Involvement in diabetic teratogenesis. Birth
Defects Res A Clin Mol Teratol 2004; 70(8):519-27.
DOlI: https://doi.org/10.1002/bdra.20056

Singh A, Kukreti R, Saso L, Kukreti S. Mechanistic
insight into oxidative stress-triggered signaling
pathways and type 2 diabetes. Molecules 2022;
27(3):950. DOI:
https://doi.org/10.3390/molecules27030950

Abcouwer SF. Angiogenic factors and cytokines in
diabetic retinopathy. J Clin Cell Immunol 2013; Suppl
1(11):1-12. DOI: https://doi.org/10.4172/2155-9899

Thau L, Gandhi J, Sharma S. Physiology, Cortisol.
[Updated 2022 Aug 29]. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2022.
Available at:
https://www.ncbi.nlm.nih.gov/books/NBK538239/

Joseph JJ, Golden SH. Cortisol dysregulation: The
bidirectional link between stress, depression, and
type 2 diabetes mellitus. Ann N Y Acad Sci 2017;
1391(1):20-34. DOI:
https://doi.org/10.1111/nyas.13217

Xu W, Yao X, Zhao F, Zhao H, Cheng Z, Yang W, Cui
R, Xu S, Li B. Changes in hippocampal plasticity in
depression and therapeutic approaches influencing
these changes. Neural Plast 2020; 2020:8861903.
DOI: https://doi.org/10.1155/2020/8861903

Porter GA, O’Connor JC. Brain-derived neurotrophic
factor and inflammation in depression: Pathogenic
partners in crime? World J Psychiatry 2022;
12(1):77-97. DOI:
https://doi.org/10.5498/wjp.v12.i1.77

Clapp M, Aurora N, Herrera L, Bhatia M, Wilen E,
Wakefield S. Gut microbiota’s effect on mental health:

The gut-brain axis. Clin Pract 2017; 7(4):987. DOI:
https://doi.org/10.4081/cp.2017.987

Xu'Y, Zhou H, Zhu Q. The Impact of
Microbiota-Gut-Brain Axis on Diabetic Cognition Im-

823


https://doi.org/10.1007/s00592-020-01506-8
https://doi.org/10.1186/s12916-019-1297-6
https://doi.org/10.1007/s11136-019-02165-1
https://doi.org/10.1001/jamaophthalmol.2016.2213
https://doi.org/10.7759/cureus.5145
https://doi.org/10.1371/journal.pone.0132616
https://doi.org/10.1097/PSY.0b013e3180df84e2
https://doi.org/10.1016/j.genhosppsych.2011.05.021
https://www.ncbi.nlm.nih.gov/books/NBK568015/
https://doi.org/10.1111/ceo.12696
https://doi.org/10.1167/iovs.18-26108
https://doi.org/10.1111/j.1442-9071.2011.02599.x
https://doi.org/10.3389/fnins.2019.00788
https://doi.org/10.1101/cshperspect.a009191
https://doi.org/10.1016/j.redox.2018.09.025
https://doi.org/10.1002/bdra.20056
https://doi.org/10.3390/molecules27030950
https://doi.org/10.4172/2155-9899
https://www.ncbi.nlm.nih.gov/books/NBK538239/
https://doi.org/10.1111/nyas.13217
https://doi.org/10.1155/2020/8861903
https://doi.org/10.5498/wjp.v12.i1.77
https://doi.org/10.4081/cp.2017.987

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

https://bonoi.org/index.php/si

pairment. Front Aging Neurosci 2017; 9:106. DOI:
https://doi.org/10.3389/fnagi.2017.00106

Stojanov S, Berlec A, Strukelj B. The influence of
probiotics on the firmicutes/bacteroidetes ratio in the
treatment of obesity and inflammatory bowel disease.
Microorganisms. 2020; 8(11):1715. DOI:
https://doi.org/10.3390/microorganisms8111715

Freimer D, Yang TT, Ho TC, Tymofiyeva O, Leung C.
The gut microbiota, HPA axis, and brain in adoles-
cent-onset depression: Probiotics as a novel treat-
ment. Brain Behav Immun Health 2022; 26:100541.
DOI: https://doi.org/10.1016/j.bbih.2022.100541

Carabotti M, Scirocco A, Maselli MA, Severi C. The
gut-brain axis: Interactions between enteric
microbiota, central and enteric nervous systems. Ann
Gastroenterol 2015; 28(2):203-209.

Donabedian P, Dawson E, Li Q, Chen J. Gut mi-
crobes and eye disease. Ophthalmic Res 2022;
65(3):245-253. DOI:
https://doi.org/10.1159/000519457

Napolitano P, Filippelli M, Davinelli S, Bartollino S,
del’lOmo R, Costagliola C. Influence of gut microbiota
on eye diseases: An overview. Ann Med 2021;
53(1):750-761. DOI:
https://doi.org/10.1080/07853890.2021.1925150

Vagaja NN, Binz N, McLenachan S, Rakoczy EP,
McMenamin PG. Influence of endotoxin-mediated
retinal inflammation on phenotype of diabetic reti-
nopathy in Ins2 Akita mice. Br J Ophthalmol 2013;
97(10):1343-1350. DOI:
https://doi.org/10.1136/bjophthalmol-2013-303201

Thakur PS, Aggarwal D, Takkar B, Shivaji S, Das T.
Evidence suggesting the role of gut dysbiosis in dia-
betic retinopathy. Invest Ophthalmol Vis Sci 2022;
63(8):21. DOI: https://doi.org/10.1167/iovs.63.8.21

Mitchell CH, Lu W, Hu H, Zhang X, Reigada D, Zhang
M. The P2X(7) receptor in retinal ganglion cells: A
neuronal model of pressure-induced damage and
protection by a shifting purinergic balance. Purinergic
Signal 2009; 5(2):241-249. DOI:
https://doi.org/10.1007/s11302-009-9142-6

Rozanska O, Uruska A, Zozulinska-Ziolkiewicz D.
Brain-derived neurotrophic factor and diabetes. Int J
Mol Sci 2020; 21(3):841. DOI:
https://doi.org/10.3390/ijms21030841

Goodwin RD, Weinberger AH, Kim JH, Wu M, Galea
S. Trends in anxiety among adults in the United
States, 2008-2018: Rapid increases among young
adults. J Psychiatr Res 2020; 130:441-446. DOI:
https://doi.org/10.1016/j.jpsychires.2020.08.014

Badescu SV, Tataru C, Kobylinska L, Georgescu EL,
Zahiu DM, Zagrean AM, Zagrean L. The association
between diabetes mellitus and depression. J Med
Life 2016; 9(2):120-125.

Bloom JM, Mason JO, Mason L, Swain TA. Fears,
depression, and anxieties of patients with diabetic
retinopathy and implications for education and
treatment. J VitreoRetin Dis 2020; 4(6):484-489. DOI:
https://doi.org/10.1177/2474126420936118

Skarbez K, Priestley Y, Hoepf M, Koevary SB. Com-
prehensive review of the effects of diabetes on ocular

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

S| | February 28, 2023 | vol. 42 | no. 2

health. Expert Rev Ophthalmol. 2010; 5(4):557-577.
DOI: https://doi.org/10.1586/e0p.10.44

Vashist P, Singh S, Gupta N, Saxena R. Role of early
screening for diabetic retinopathy in patients with di-
abetes mellitus: An overview. Indian 3 Community
Med 2011; 36(4):247-252. DOI:
https://doi.org/10.4103/0970-0218.91324

Hirai FE, Tielsch JM, Klein BE, Klein R. Relationship
between retinopathy severity, visual impairment and
depression in persons with long-term type 1 diabetes.
Ophthalmic Epidemiol 2012; 19(4):196-203. DOI:
https://doi.org/10.3109/09286586.2012.692006

Senra H, Hernandez-Moreno L, Moreno N, Macedo
AF. Anxiety levels moderate the association between
visual acuity and health-related quality of life in
chronic eye disease patients. Sci Rep 2022;
12(1):2313. DOI:
https://doi.org/10.1038/s41598-022-06252-1

Parravano M, Petri D, Maurutto E, Lucenteforte E,
Menchini F, Lanzetta P, Varano M, van Nispen RMA,
Virgili G. Association between visual impairment and
depression in patients attending eye clinics: A Me-
ta-analysis. JAMA Ophthalmol 2021; 139(7):753-761.
DOI:
https://doi.org/10.1001/jamaophthalmol.2021.1557

Sabel BA, Wang J, Cardenas-Morales L, Faiq M,
Heim C. Mental stress as consequence and cause of
vision loss: The dawn of psychosomatic ophthalmol-
ogy for preventive and personalized medicine. EPMA
J 2018; 9(2):133-160. DOI:
https://doi.org/10.1007/s13167-018-0136-8

Sayin N, Kara N, Pekel G. Ocular complications of
diabetes mellitus. World J Diabetes 2015;
6(1):92-108. DOI: https://doi.org/10.4239/wjd.v6.i1.92

Trento M, Tomelini M, Lattanzio R, Brancato R,
Coggiola A, Benecchi R, Scoccianti L, Insacco C,
Bandello F, Montanaro M, Cavallo F, Porta M. Per-
ception of, and anxiety levels induced by, laser
treatment in patients with sight-threatening diabetic
retinopathy. A multicentre study. Diabet Med 2006;
23(10):1106-1109. DOI:
https://doi.org/10.1111/j.1464-5491.2006.01957.x

Mozaffarieh M, Sacu S, Benesch T, Wedrich A.
Mental health measures of anxiety and depression in
patients with retinal detachment. Clin Pract Epidemiol
Ment Health. 2007 Jul 19;3:10. DOI:
https://doi.org/10.1186/1745-0179-3-10

Zemdegs J, Martin H, Pintana H, Bullich S, Manta S,
Marqués MA, Moro C, Layé S, Ducrocq F,
Chattipakorn N, Chattipakorn SC, Rampon C,
Pénicaud L, Fioramonti X, Guiard BP. Metformin
promotes anxiolytic and antidepressant-like re-
sponses in insulin-resistant mice by decreasing cir-
culating branched-chain amino acids. J Neurosci
2019; 39(30):5935-5948. DOI:
https://doi.org/10.1523/JNEUROSCI.2904-18.2019

SuWJ, Peng W, Gong H, Liu YZ, Zhang Y, Lian YJ,
Cao ZY, Wu R, Liu LL, Wang B, Wang YX, Jiang CL.
Antidiabetic drug glyburide modulates depressive-like
behavior comorbid with insulin resistance. J
Neuroinflammation 2017; 14(1):210. DOI:
https://doi.org/10.1186/s12974-017-0985-4

824


https://doi.org/10.3389/fnagi.2017.00106
https://doi.org/10.3390/microorganisms8111715
https://doi.org/10.1016/j.bbih.2022.100541
https://doi.org/10.1159/000519457
https://doi.org/10.1080/07853890.2021.1925150
https://doi.org/10.1136/bjophthalmol-2013-303201
https://doi.org/10.1167/iovs.63.8.21
https://doi.org/10.1007/s11302-009-9142-6
https://doi.org/10.3390/ijms21030841
https://doi.org/10.1016/j.jpsychires.2020.08.014
https://doi.org/10.1177/2474126420936118
https://doi.org/10.1586/eop.10.44
https://doi.org/10.4103/0970-0218.91324
https://doi.org/10.3109/09286586.2012.692006
https://doi.org/10.1038/s41598-022-06252-1
https://doi.org/10.1001/jamaophthalmol.2021.1557
https://doi.org/10.1007/s13167-018-0136-8
https://doi.org/10.4239/wjd.v6.i1.92
https://doi.org/10.1111/j.1464-5491.2006.01957.x
https://doi.org/10.1186/1745-0179-3-10
https://doi.org/10.1523/JNEUROSCI.2904-18.2019
https://doi.org/10.1186/s12974-017-0985-4

61.

62.

63.

Chen R, Yan J, Liu P, Wang Z. Effects of thiazoli-
dinedione therapy on inflammatory markers of type 2
diabetes: A meta-analysis of randomized controlled
trials. PLoS One 2015; 10(4):e0123703. DOI:
https://doi.org/10.1371/journal.pone.0123703

McEwen BS, Nasca C, Gray JD. Stress effects on
neuronal structure: Hippocampus, amygdala, and
prefrontal cortex. Neuropsychopharmacology 2016;
41(1):3-23. DOL:
https://doi.org/10.1038/npp.2015.171

Kim YK, Kim QY, Song J. Alleviation of depression by
glucagon-like peptide 1 through the regulation of
neuroinflammation, neurotransmitters, neurogenesis,
and synaptic function. Front Pharmacol 2020;

11:1270. DOI:
https://doi.org/10.3389/fphar.2020.01270

. Detka J, Gtombik K. Insights into a possible role of

glucagon-like peptide-1 receptor agonists in the
treatment of depression. Pharmacol Rep 2021;
73(4):1020-1032. DOI:
https://doi.org/10.1007/s43440-021-00274-8

. Blazquez E, Velazquez E, Hurtado-Carneiro V,

Ruiz-Albusac JM. Insulin in the brain: its pathophysi-
ological implications for States related with central
insulin resistance, type 2 diabetes and Alzheimer’s
disease. Front Endocrinol (Lausanne) 2014; 5:161.
DOI: https://doi.org/10.3389/fendo.2014.00161

Received: January 06, 2023 |

Revised: January 12, 2023 |

Accepted: January 20, 2023

https://bonoi.org/index.php/si

S| | February 28, 2023 | vol. 42 | no. 2 825


https://doi.org/10.1371/journal.pone.0123703
https://doi.org/10.1038/npp.2015.171
https://doi.org/10.3389/fphar.2020.01270
https://doi.org/10.1007/s43440-021-00274-8
https://doi.org/10.3389/fendo.2014.00161

