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Abstract Background Data on the impact of diabetic retinopathy (DR) on Ramadan fasting are
limited. DR is not currently considered in pre-Ramadan risk stratification. However, its
association with longer diabetes duration, poor glycemic control, and insulin use may
increase vulnerability to adverse events during fasting.
Objectives To evaluate fasting safety in patients with DR using data from the
Diabetes and Ramadan (DaR) Global Survey.
Patients and Methods This retrospective cohort study analyzed data from the DaR
Global Survey conducted in 2020 and 2022 acrossmultiple world regions. Patients with
confirmed DR (DR group, n¼1,795) were compared with individuals without DR
(control group, n¼10,735). Demographic and clinical data were collected through
structured post-Ramadan clinic interviews. Primary outcomes included self-reported
hypoglycemia, hyperglycemia, emergency visits, hospitalizations, and fasting inter-
ruption. Multivariate logistic regression was used to adjust for age, sex, diabetes
duration, glycated hemoglobin (HbA1c), and insulin use.
Results Individuals with DR had longer diabetes duration, comparable HbA1c, and
greater insulin use compared with those without DR. DR was independently associated
with a 45% lower likelihood of fasting during Ramadan (adjusted odds ratio [AOR]: 0.55,
p � 0.0001). Among those who fasted, hypoglycemia rates were similar in the DR
(16.2%) and non-DR (14.6%) groups (p¼0.5), but hyperglycemia was more prevalent in
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Introduction

The Diabetes and Ramadan (DaR) risk calculator categorizes
patients with diabetes into low-, medium-, and high-risk
groups based on their risk of developing complications
while fasting during Ramadan. Risk stratification incorpo-
rates cardiovascular disease (CVD), nephropathy, frailty,
prior hypoglycemia, glycated hemoglobin (HbA1c), dura-
tion of diabetes, and insulin use, but not diabetic retinopa-
thy (DR).1

DR is strongly associated with poorer glycemic control,
longer duration of diabetes, presence of comorbid compli-
cations, and complex treatment regimens, raising concern
regarding fasting safety.2–4 Thus, the presence of DR may be
associated with a sicker, metabolically vulnerable subgroup,
prone to hypoglycemia or hyperglycemia. DR is a leading
cause of vision loss in the Middle East and worldwide5,6 and
is characterized by microvascular changes such as micro-
aneurysms, hemorrhages, exudates, cotton–wool spots, and
neovascularization.7,8 The management of DR includes laser
photocoagulation, antivascular endothelial growth factor
intravitreal injections, and steroid implants9,10 to limit reti-
nal damage and preserve or restore vision. However, beyond
vision loss, DR may reflect underlying vascular fragility and
systemic disease burden, which could increase the risk of
fasting. Given that the cornerstone of DR management
remains optimal glycemic control,11 adverse glycemic out-
comes during fasting may themselves impact DR.

The impact of Ramadan fasting specifically in patients
with DR has not been adequately explored.12,13 Evaluating
outcomes in people with diabetes mellitus (DM) who fast
during Ramadan may help determine whether DaR risk
stratification tools should incorporate DR. This is a subanal-
ysis of the DaR global survey database,14 the first large-scale,
multinational study investigating the impact of DR on ad-
verse outcomes concerning fasting during Ramadan, after
adjusting for all other confounders.

Methods

Study Design and Setting
This retrospective observational cohort study utilized data
from the DaR Global Survey (2020–2022), which involved
Muslim patientswith type 2 diabetesmellitus (T2DM) across
six regions: the Gulf, Middle East, Turkey, the United King-
dom, Africa, the Indian subcontinent, and Southeast Asia.

Data were collected during routine outpatient visits within
10 weeks of completing the Ramadan fast.

Participants
A total of 12,529 fasting Muslims with T2DM were included
in the study. Of these, 1,795 (14.3%) patients had confirmed
DR, whereas 10,735 (85.7%) had no DR. DR status was
confirmed by physician report during the clinic visit. All
participants were regular clinic attendees during the study
period.

Variables
Key outcomes included the frequency of fasting, incidence,
frequency, and duration of hypoglycemia and hyperglycemia
during Ramadan fasting, as well as related interventions.
Hypoglycemiawas defined as self-reported symptoms consis-
tent with low glucose, with or without confirmation by
capillary blood glucose; severe hypoglycemia was defined as
requiring assistance or medical attention. Hyperglycemia was
defined as self-reported elevated glucose or symptoms attrib-
uted to high glucose, with severe cases requiring medical
attention. Continuous variables (e.g., age, HbA1c, diabetes
duration, fasting days)were summarized asmeans� standard
deviation, whereas categorical outcomes (e.g., hypoglycemia
incidence) were reported as frequencies and percentages.

Data Collection
Data were collected through structured questionnaires ad-
ministered by trained health care professionals during clinic
visits. Demographics, diabetes duration, HbA1c, and treat-
ment regimens (insulin and noninsulin therapies) were
recorded. For analysis, age, diabetes duration, and HbA1c
were also categorized.

Statistical Analysis
Data from 2020 and 2022 were combined. Descriptive sta-
tistics summarized baseline characteristics, and compari-
sons between cohorts were conducted using Pearson’s chi-
square test for categorical variables. Multivariate logistic
regression was used to estimate odds ratios (ORs) for fasting
outcomes, adjusting for age, sex, diabetes duration, HbA1c,
and insulin use. Because several outcomes were common
(>10%), crude relative risks were also calculated from the
raw data to provide context. The potential for ORs to overes-
timate effect sizes in this setting is acknowledged in the
Discussion section. A p-value <0.05 was considered

DR (24.1 vs. 13.8%; p<0.001). DR was also independently associated with breaking the
fast due to hypoglycemia (AOR: 1.34), hypoglycemia requiringmedical attention (AOR:
1.76), and hyperglycemia (AOR: 1.50).
Conclusions DR was independently linked to lower fasting rates and higher risks of
hypoglycemia, hyperglycemia, and medical interventions during Ramadan. These
findings underscore the importance of incorporating DR assessment into fasting risk
stratification tools to improve patient safety.
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statistically significant. Analysis was performed using IBM
SPSS Statistics version 26.

Results

Patient Characteristics
The DR cohort consisted of 985 females (54.9%) and 807
males (45.1%). The non-DR cohort consisted of 3,967 (52.6%)
females and 3,565 (47.4%) males. Those with DR were older
(60.5�10.9 vs. 54.3�11.7 years, p¼0.01), had a longer
duration of diabetes (14.9�8.2 vs. 9.1�6.9 years, p¼0.01)
but had very similar HbA1c values (8.3�1.9% in both groups,
p¼not significant) compared with those without DR
(►Table 1).

Medication
Metformin use (82.2 vs. 81.5%, p¼0.9), sulfonylurea use (37.4
vs. 40.5%, p¼0.6), and DPP-4 inhibitor use (36.5 vs. 33.1%,
p¼0.5)werecomparablebetween theDRandnon-DRcohorts
(►Table 2). However, thiazolidinedione (TZD) use (7.8 vs.
3.9%, p¼0.004), GLP-1 receptor agonist use (4.9 vs. 2.7%,
p¼0.02), and insulin use (64.6 vs. 39.1%, p<0.0001) were
higher in the DR cohort compared with the non-DR cohort.

Complications
The prevalence of hypertension (72.6 vs. 44.9%, p¼0.002),
hyperlipidemia (61.4 vs. 38.5%, p¼0.003), neuropathy (45.7 vs.
16.5%, p<0.001), nephropathy (29 vs. 7.2%, p<0. 001), micro-
albuminuria (13.7 vs. 3.3%, p<0.001) and macrovascular

Table 2 Medications used by the study participants

Medication Retinopathy cohort Controls p-Value

Total number of patients 653 10,735

Noninsulin therapies

Metformin 1,296 (82.2%) 8,755 (81.5%) 0.9

Sulfonylureas 548 (37.4%) 4,348 (40.5%) 0.6

DPP4 inhibitors 513 (36.5%) 3,554 (33.1%) 0.5

Thiazolidinedione 125 (7.8%) 423 (3.9%) 0.004

Sodium-Glucose Cotransporter 2 inhibitors 362 (23.9%) 2,018 (18.8%) 0.16

Glucagon-like peptide-1 Receptor Analogues 73 (4.9%) 295 (2.7%) 0.02

Alpha glucosidase inhibitor 47 (1.7%) 205 (1.9%) 0.7

Insulins

Intermediate-/long-acting insulins 772(43%) 2,579 (24%) 0.04

Short-acting insulins 583(32.5%) 1,565 (14.6%) <0.0001

Premixed insulins 468(26.1%) 1,471 (13.7%) 0.0002

Any insulin 1,158 (64.6%) 4,199 (39.1%) <0.0001

DPP-4, Dipeptidyl peptidase-4.
Counts are not mutually exclusive.

Table 1 Characteristics of the patients

Characteristic Diabetic retinopathy cohort Control cohort p-Value

Total number 1,795 10,735 –

Females 985 (54.9%) 3,967 (52.6%) 0.6

Males 807 (45.1%) 3,565 (47.4%)

Age (y) 60.5 (10.9) 54.3 (11.7) 0.01

Duration of diabetes (y) 14.9 (8.2) 9.1 (6.9) 0.01

HbA1c (%) 8.3 (1.9) 8.3 (1.9) 1.0

Body mass index (kg/m2) 28.4 (7.8) 27.7 (6.8) 0.8

Systolic BP (mm Hg) 131 (31.6) 127.2 (26.9) 0.8

Diastolic BP (mm Hg) 76.4 (18.5) 76.7 (16.2) 0.9

LDL cholesterol (mg/dL) 87.6 (45.4) 91.3 (52.8) 0.8

BP, blood pressure; Hba1c, glycosylated Hemoglobin; LDL, low-density lipoprotein.
Note: Results are shown as number (%) for categorical values or mean (standard deviation) for continuous variables.
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disease (26.6 vs. 9.7%, p<0.001), diabetic foot disease (9.7 vs.
2.4%, p<0.001) was significantly higher in the DR compared
with non-DR cohorts (►Table 3).

Self-monitoring and Education
Self-monitoring of blood glucose (SMBG) was performed by
approximately 48% of participants in both the DR and non-DR
groups, with no major change in frequency compared with
pre-Ramadan practice. Notably, 23.1% of the DR cohort and
26.2% of the non-DR cohort did not undertake SMBG. Educa-
tion for diabetes management during Ramadanwas compara-
ble between groups (63.5 vs. 58.6%), as was the average
duration of educational sessions (17.1 vs. 13.6minutes).

Fasting during Ramadan
The prevalence of patients who fasted was lower in the DR
comparedwith the non-DR cohorts (71.3 vs. 87.6%, p¼0.05).
DR was independently associated with a 45% lower likeli-
hood of fasting during Ramadan (AOR: 0.55, 95% confidence
interval [CI]: 0.48–0.64, p<0.001) after adjusting for con-
founders. The mean duration of fasting among those who
fasted was similar between the groups: DR (26.6�6.9 days)
and non-DR (27.7�5.4 days). The percentage of patients
who intended to fast during the post-Ramadan period of
Shawwal was comparable between the DR and non-DR
cohorts (24.2 vs. 25.8%, p¼0.7).

Hypoglycemia
The prevalence of symptoms of daytime hypoglycemia was
comparable between the DR (16.2%) and non-DR (14.6%)
cohorts (p¼0.5, adjusted odds ratio [AOR]: 1.13, 95% confi-
dence interval [CI]: 0.95–1.34, p¼0.16). However, DR was
independently associated with breaking the fast due to
hypoglycemia (AOR: 1.34, 95% CI: 1.10–1.63) andwith severe
hypoglycemia requiring medical attention (AOR: 1.76, 95%
CI: 1.18–2.61; ►Fig. 1).

Hyperglycemia
Hyperglycemia was more common in the DR compared
with non-DR cohort (24.1 vs. 13.8%, p¼0.002; AOR: 1.50,
95% CI: 1.27–1.77, p <0.001) and those with DR experienced

hyperglycemia for more than 8 days more frequently than
the non-DR group (32.5 vs. 21.6%, p¼0.01). However, DRwas
not associated with breaking the fast due to hyperglycemia
(AOR: 1.28, 95% CI: 0.92–1.76, p¼0.14) or with severe
hyperglycemia requiring medical attention (AOR: 1.14, 95%
CI: 0.63–2.05, p¼0.67; ►Fig. 1).

Finally, the AORs for all hypoglycemia- and hyperglyce-
mia-related outcomes are summarized in ►Fig. 1, which
illustrates that participants with DR had significantly higher
risks of adverse events compared with those without DR.

Discussion

This study is the first large-scale, international investigation
to explore the association of Ramadan fasting on glycemic
outcomes in individuals with and without DR. DR is, of
course, more prevalent in those with a longer duration of
diabetes 15 and is also associated with a higher risk of
nephropathy, neuropathy, and CVD.16,17 In the current study,
patients with DR were older, had a longer duration of
diabetes, and had a higher prevalence of insulin and GLP-1
use. However, their HbA1c was comparable, highlighting the
legacy effect on complications, as opposed to current glyce-
mic control. Hypertension, hyperlipidemia, and diabetic
neuropathy were also more prevalent, indicating multiple
comorbidities in those with DR.2,3,18

Thus, patients with DR in our study were significantly less
likely to observe fasting during Ramadan compared with
those without DR, despite the absence of formal recommen-
dations advising against fasting in those with DR. Indeed, DR
was independently associated with a 45% lower likelihood of
fasting (AOR: 0.55, 95% CI: 0.48–0.64, p � 0.001), after
adjusting for age, insulin use, diabetes duration, diabetes-
related complications, and HbA1c. However, it is important
to recognize that the DR cohort represents a “sicker pheno-
type,” with more advanced and multisystem disease, and
residual confounding cannot be excluded despite statistical
adjustment.

Of course, individuals with DRmay be attending specialist
clinics and have a heightened awareness of their health
status, which may be influenced by having experienced

Table 3 Complications and comorbidities in the study participants

Complications Retinopathy cohort Controls p-Value

Number 1,795 10,735

Hypertension 1,304 (72.6%) 4,820 (44.9%) 0.002

Hyperlipidemia 1103 (61.4%) 4,142 (38.5%) 0.003

Neuropathy 820 (45.7%) 1,769 (16.5%) <0.0001

Microalbuminuria 246 (13.7%) 352 (3.3%) <0.0001

Nephropathy/
chronic kidney disease

521 (29%) 769 (7.2%) <0.0001

Macrovascular disease 478 (26.6%) 1041 (9.7%) <0.0001

Diabetic foot disease 175 (9.7%) 267 (2.5%) <0.0001

Note: Counts are not mutually exclusive.
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impaired vision, an increased medication burden, and epi-
sodes of dysglycemia during fasting. This could lead to a
greater fear of complications or a reduced sense of physical
well-being, prompting a more cautious approach to fasting.
Alternatively, DR may represent a broader perception of
disease severity among patients, even if their current level
of glycemic control is not markedly worse. This suggests that
patient self-selection played amajor role in our findings. As a
result, the observed risks in this study may underestimate
the true risks for DR patients in an unselected population.
This highlights the importance of patient-centered dialogue
in pre-Ramadan care planning.

Furthermore, in multivariate analysis, DR significantly
increased the odds of hypoglycemia requiringmedical atten-
tion (AOR: 1.76) and hyperglycemia (AOR: 1.50), even after
adjusting for confounders. While DR was significantly asso-
ciatedwith breaking the fast due to hypoglycemia, there was
no significant difference in the incidence of daytime hypo-
glycemia or severe hyperglycemia requiring hospitalization
between patients with and without DR. These findings
suggest that the presence of DR identifies a subgroup of
patients with greater fasting vulnerability, but this should be
interpreted cautiously, given the high probability of residual
confounding. Rather than being a causal independent risk
factor, DR may serve as a clinical marker of advanced disease
and overall fragility in patients with diabetes who attempt to
fast.17,18

Fasting during Ramadan alters metabolic homeostasis
through hormonal and circadian shifts.19,20 Cortisol secre-
tion and insulin sensitivity may be disrupted due to changes

in the sleep pattern and altered mealtimes, leading to post-
prandial spikes and pre-Iftar drops in glucose levels.21 These
fluctuations may be particularly concerning in patients with
DR, who may already have impaired vascular autoregulation 22

and reduced counterregulatory responses due to concomitant
autonomic neuropathy, which is common in this population.
Indeed, hypoglycemia often occurs in the late afternoon before
Iftar, when insulin action peaks and glycogen stores are
depleted,23 and post-Iftar hyperglycemia is commonly ob-
served, due to large meals and delayed medication.24 Such
instability may place additional stress on the retinal microvas-
culature, further contributing to disease vulnerability.

Increased glycemic instability in individuals with DR may
place additional stress on the retinal microvasculature and
contribute to disease progression.25 This aligns with the
American Diabetes Association’s (ADA) 2025 emphasis on
individualized, culturally sensitive diabetes care that
includes consideration of religious beliefs.26 Rather than
being considered an independent causal factor, DR should
be viewed as a clinical marker that identifies patients with
advanced disease who require closer monitoring. Incorpo-
rating DR into pre-Ramadan assessments helps clinicians
recognize higher-risk patients, guide therapy adjustments,
and provide personalized education to support safer fasting.
In addition, structured use of continuous glucosemonitoring
(CGM) and tailored fasting regimens should be explored as
strategies to mitigate risk in this vulnerable group.27,28

While our study focused on short-term outcomes, there is
a theoretical concern that recurrent glycemic variability,
recurrent hypoglycemia, and oxidative stress during fasting

Fig. 1 Forest plot showing adjusted odds ratios for adverse glycemic outcomes during Ramadan fasting in participants with diabetic retinopathy
(DR) versus those without DR. DR was associated with significantly higher risks of both hypoglycemia- and hyperglycemia-related events. Odds
ratios were adjusted for age, HbA1c, complications, and insulin use. Error bars indicate 95% confidence intervals.
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may also influence long-term DR progression.29,30 Thus,
structured and supervised fasting may confer metabolic
benefits if well-managed, although this remains
underexplored.31

While this study provides valuable insights into the
implications of Ramadan fasting in patients with DR, several
limitations should be acknowledged. First, the reliance on
self-reported episodes of hypoglycemia and hyperglycemia
may introduce recall bias and lead to underreporting of mild
events. Second, the classification of DR was based on physi-
cian reports and not standardized grading, which may intro-
duce inaccuracies and heterogeneity. Third, residual
confounding is highly likely given the profound baseline
differences between DR and non-DR cohorts. Although we
adjusted for age, sex, HbA1c, diabetes duration, and insulin
use, other important factors such as severity of nephropathy,
presence of autonomic neuropathy, and overall comorbidity
burden were not fully captured. Fourth, the absence of CGM
data limits our understanding of intra-day glycemic fluctua-
tions. Fifth, patient self-selection (the “healthy faster effect”)
may have led to underestimation of true risks, as those with
DR whowere more unwell may have opted not to fast. Sixth,
propensity score methods were not applied, and this may
have limited our ability to balance the baseline differences
between groups fully.

Factors such as dietary intake, hydration, and medication
adherence during Ramadan were not systematically cap-
tured, although they may have influenced glycemic out-
comes. Selection bias is also possible, as individuals who
were unfit to fast or chose not to fast may have been
underrepresented, leading to an underestimation of fast-
ing-related risks in the broader DR population. Residual
confounding remains a possibility, as physical activity and
socioeconomic factors were not fully accounted for. More-
over, the retrospective design and reliance on cross-sectional
survey data mean that causality cannot be established, and
our findings should be interpreted as associations rather
than causal effects. Finally, while multivariate adjustments
were applied, the absence ofmore advanced techniques such
as propensity score matching further limits the ability to
balance baseline differences fully, and unmeasured variables
may still have influenced results.

Conclusion

This study underscores the increased risk of hypoglycemia,
hyperglycemia, and associated medical interventions in
patients with DR who fast during Ramadan. While DR was
associated with key adverse glycemic outcomes even after
adjustment for age, glycemic control, diabetes-related com-
plications, and insulin use, these associations should be
interpreted cautiously, given residual confounding and se-
lection bias. Rather than being viewed as an independent
causal factor, DR should be considered a clinical marker that
identifies patients at higher risk and who warrant more
detailed pre-Ramadan assessment and counseling. Future
research should explore the long-term effects of fasting on
DR progression and assess the impact of structured fasting

protocols, CGM, and tailored medication regimens in this
high-risk population.

Authors Contributions
All authors contributed toward conception, data collec-
tion, writing, and final approval of the manuscript.

Compliance with Ethical Principles
Ethical approval was granted for the DAR Global Survey
from Dubai Health Authority.

Funding
None.

Conflict of Interest
None declared.

References
1 Hassanein M, Afandi B, Yakoob Ahmedani M, et al. Diabetes and

Ramadan: practical guidelines 2021. Diabetes Res Clin Pract 2022;
185:109185

2 Hou X, Wang L, Zhu D, et al; China National Diabetic Chronic
Complications (DiaChronic) Study Group. Prevalence of diabetic
retinopathy and vision-threatening diabetic retinopathy in adults
with diabetes in China. Nat Commun 2023;14(01):4296

3 Mohamed Z, Al-Natour M, Al Rahbi H. Prevalence of diabetic
retinopathy among individuals with diabetes in Gulf Cooperation
Council countries: a systematic review and meta-analysis. Oman
Med J 2024;39(01):e585

4 Bourne RRA, Jonas JB, Bron AM, et al; Vision Loss Expert Group of
the Global Burden of Disease Study. Prevalence and causes of
vision loss in high-income countries and in Eastern and Central
Europe in 2015: magnitude, temporal trends and projections. Br J
Ophthalmol 2018;102(05):575–585

5 Group ETDRSREarly Treatment Diabetic Retinopathy Study Re-
search Group. Grading diabetic retinopathy from stereoscopic
color fundus photographs–an extension of the modified Airlie
House classification. ETDRS report number 10. Ophthalmology
1991;98(5, Suppl):786–806

6 Chai Q, Yao Y, Guo C, Lu H, Ma J. Structural and functional retinal
changes in patients with type 2 diabetes without diabetic reti-
nopathy. Ann Med 2022;54(01):1816–1825

7 Gonzalez-Cortes JH, Martinez-Pacheco VA, Gonzalez-Cantu JE,
et al. Current treatments and innovations in diabetic retinopathy
and diabetic macular edema. Pharmaceutics 2022;15(01):122

8 Urbančič M, Gardašević Topčić I Dexamethasone implant in the
management of diabetic macular edema from clinician’s perspec-
tive. Clin Ophthalmol 2019;13:829–840

9 Tomita Y, Lee D, Tsubota K, Negishi K, Kurihara T. Updates on the
current treatments for diabetic retinopathy and possibility of
future oral therapy. J Clin Med 2021;10(20):4666

10 Wong TY, SabanayagamC. Strategies to tackle the global burden of
diabetic retinopathy: from epidemiology to artificial intelligence.
Ophthalmologica 2020;243(01):9–20

11 Chew EY, Ambrosius WT, Davis MD, et al; ACCORD Study Group
ACCORD Eye Study Group. Effects of medical therapies on reti-
nopathy progression in type 2 diabetes. N Engl J Med 2010;363
(03):233–244

12 Keech AC, Mitchell P, Summanen PA, et al; FIELD study investi-
gators. Effect of fenofibrate on the need for laser treatment for
diabetic retinopathy (FIELD study): a randomised controlled trial.
Lancet 2007;370(9600):1687–1697

13 Salti I, Bénard E, Detournay B, et al. A population-based study of
diabetes and its characteristics during the fasting month of

Journal of Diabetes and Endocrine Practice Vol. 9 No. 1/2026 © 2025. The Author(s).

Diabetic Retinopathy and Ramadan Fasting Afandi et al.90



Ramadan in 13 countries: EPIDIAR study. Diabetes Care 2004;27
(10):2306–2311

14 Hassanein M, Binte Zainudin S, Shaikh S, et al. An update on the
current characteristics and status of care for Muslims with type 2
diabetes fasting during Ramadan: the DAR global survey 2022.
Curr Med Res Opin 2024;40(09):1515–1523

15 Rübsam A, Parikh S, Fort PE. Role of inflammation in diabetic
retinopathy. Int J Mol Sci 2018;19(04):942

16 Li Y, Liu Y, Liu S, et al. Diabetic vascular diseases: molecular
mechanisms and therapeutic strategies. Signal Transduct Target
Ther 2023;8(01):152

17 Beltramo E, Porta M. Pericyte loss in diabetic retinopathy: mech-
anisms and consequences. Curr Med Chem 2013;20(26):
3218–3225

18 Wang W, Lo ACY. Diabetic retinopathy: pathophysiology and
treatments. Int J Mol Sci 2018;19(06):1816

19 Reilly T, Waterhouse J. Altered sleep-wake cycles and food intake:
the Ramadan model. Physiol Behav 2007;90(2-3):219–228

20 Lessan N, Ali T. Energy metabolism and intermittent fasting: the
Ramadan Perspective. Nutrients 2019;11(05):1192

21 Al-Rawi N, Madkour M, Jahrami H, et al. Effect of diurnal inter-
mittent fasting during Ramadan on ghrelin, leptin,melatonin, and
cortisol levels among overweight and obese subjects: a prospec-
tive observational study. PLoS One 2020;15(08):e0237922

22 Nian S, Lo ACY, Mi Y, Ren K, Yang D. Neurovascular unit in diabetic
retinopathy: pathophysiological roles and potential therapeutical
targets. Eye Vis (Lond) 2021;8(01):15

23 Harbuwono DS, Kurniawan F, Sudarsono NC, Tahapary DL. The
impact of Ramadan fasting on glucose variability in T2DM
patients. PLoS One 2020;15(06):e0234443

24 Bahijri S, Borai A, Ajabnoor G, et al. Relative metabolic stability,
but disrupted circadian cortisol secretion during the fasting
month of Ramadan. PLoS One 2013;8(04):e60917

25 Bahammam AS, Alaseem AM, Alzakri AA, Sharif MM. The effects
of Ramadan fasting on sleep patterns and daytime sleepiness: an
objective assessment. J Res Med Sci 2013;18(02):127–131

26 American Diabetes Association Professional Practice Committee.
5. Facilitating positive health behaviors and well-being to
improve health outcomes: standards of care in diabetes-2025.
Diabetes Care 2025;48(1, Suppl 1):S86–S127

27 Al-Arouj M, Assaad-Khalil S, Buse J, et al. Recommendations for
management of diabetes during Ramadan: update 2010. Diabetes
Care 2010;33(08):1895–1902

28 Ajabnoor GM, Bahijri S, Borai A, et al. Health impact of fasting in
Saudi Arabia during Ramadan: associationwith circadian rhythm
and metabolic patterns. PLoS One 2014;9(05):e96500

29 Miyamoto K, Khosrof S, Bursell SE, et al. Prevention of leukostasis
and vascular leakage via ICAM-1 inhibition in diabetic retinopa-
thy. Proc Natl Acad Sci U S A 1999;96(19):10836–10841

30 Noda K, Nakao S, Ishida S, Ishibashi T. Leukocyte adhesion
molecules in diabetic retinopathy. J Ophthalmol 2012;2012:
279037

31 Li H, Liu X, Zhong H, et al. Research progress on the pathogenesis
of diabetic retinopathy. BMC Ophthalmol 2023;23(01):372

Journal of Diabetes and Endocrine Practice Vol. 9 No. 1/2026 © 2025. The Author(s).

Diabetic Retinopathy and Ramadan Fasting Afandi et al. 91



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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

>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


