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Objective: To evaluate the association between serum vitamin D3 levels in patients with type two diabetes mellitus (T2DM) and
diabetic macular edema (DME) taking into consideration other factors such as demographic, metabolic, and clinical confounders.
Methods: This retrospective case—control study included patients with T2DM attending a tertiary ophthalmology clinic. Cases were
patients with clinical and OCT-confirmed DME. Controls had no DME. Patients with severe NPDR or higher stage were excluded. The
study involved collecting several variables including age, sex, diabetes duration, HbAlc, BMI, smoking status, vitamin D3 levels,
comorbidities, and vitamin D supplementation. Vitamin D3 was categorized into three groups: <10, 10-30, and >30 ng/mL. Logistic
regression was used to identify independent predictors of DME.

Results: A total of 332 participants were analyzed. A total of 184 control patients were compared to 148 DME patients. DME patients
had significantly longer diabetes duration (12.91 y vs 17.21 y, p < 0.001 for Non-DME and DME groups respectively) and lower
vitamin D3 levels (25.16 ng/mL vs 16.71 ng/mL, p < 0.001 for non DME and DME groups respectively). Vitamin D3 deficiency (<10
ng/mL) was independently associated with increased odds of DME, whereas vitamin D3 sufficiency (>30 ng/mL) was protective.
Cigarette smoking, paradoxically, was found to be associated with lower odds for DME.

Conclusion: Vitamin D3 deficiency is associated with increased odds of DME. Interpretation should be cautious due to methodo-
logical limitations, including potential selection bias, unmeasured confounding, and lack of adjustment for diabetic retinopathy
severity. Further research is required to explore further cause-effect relationship and effect of supplementation on the disease itself
and response to treatment.
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Introduction
Diabetic eye disease is a leading cause of vision loss worldwide.' Diabetic retinopathy (DR) ranks as the 5" most
common cause of preventable blindness and of visual impairment.”> Approximately, diabetic retinopathy affects one in
three people with diabetes.> A third of those with diabetic retinopathy are afflicted with vision-threatening retinopathy or
diabetic macular edema.® Diabetic macular edema (DME) can present at any stage of diabetic retinopathy and is
characterized by retinal vessel leakage, decreased endothelial integrity, and exudative fluid accumulation in the
macula.’ Chronic hyperglycemia within the context of inflammation and the advanced build-up of glycation end products
contributes to the development of DME.® Due to its rising prevalence relative to that of diabetes, the impact of DME is
associated with substantial costs to any healthcare system.’

Diet and lifestyle choices are integral components of managing diabetes and its macro/micro-vascular complications.®
The entire spectrum of dietary components is composed of a myriad of factors, each with a unique association towards
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diabetic retinopathy and its associated complications. Of the many factors studied, vitamins show potential associations
yet no concordance on exact mechanism and role in the development of diabetic retinopathy.

Vitamin D3 (VitD3) has demonstrated anti-inflammatory, anti-angiogenic, and endothelial-stabilizing effects through
modulation of VEGF signaling and inflammatory cytokines, mechanisms central to the pathogenesis of diabetic macular
edema.® Although several observational studies have linked VitD3 deficiency with diabetic retinopathy, evidence
specifically examining its role in DME remains limited and inconsistent, partly due to heterogeneity in study design
and methodology. Khater et al reported that VitD3 deficiency may influence the macular vascular density and size of
foveal avascular zone (FAZ).> Also, D’Angelo et al in their narrative review about the role of dietary supplements in
DME suggested that vitamin D may help prevent DR through its anti-inflammatory and antiangiogenic effects.'®

Given the high prevalence of VitD3 deficiency in Middle Eastern populations, including Jordan, understanding its role
in diabetic retinal complications carries important regional public health implications.'" Given that, with the theoretical
biological relationship between VitD3 status and retinal vascular integrity, this study aimed to evaluate whether serum
VitD3 levels are associated with the presence of DME in patients with diabetes, while accounting for demographic,
clinical, and metabolic covariates.

Methodology

This is a retrospective case-control study. It was conducted at a major tertiary center in Jordan. The study was approved
by the Institutional Review Board at The Hashemite University in Jordan (IRB No 12/2020) and adhered to Declaration
of Helsinki. Informed consent from patients was not obtained because it was waived by ethics committee since the study
was a retrospective study and did not involve revealing any personal details of patients.

Selection of the study patients was based on chart documentation of DR, DME and optical coherence tomography
(OCT) findings. DME group of patients was selected randomly from patients with DM who are visiting ophthalmology
clinic, diagnosed with DME clinically and OCT Central Mean Thickness (CMT) >300 (on Optopol OCT machine,
Optopol Inc. Poland), and currently being treated with anti-VEGF or scheduled to start anti-VEGF therapy. Control group
included patients with DM with no documented DME based on OCT findings (CMT<=300). Central macular thickness
was defined as the mean thickness within the central 1-mm ETDRS subfield measured by OCT. We excluded patients
with documented severe non-proliferative DR or above or those whose reported VitD3 level was more than six months
from the diagnosis of DME. Data collected for both groups included: age, sex, duration of DM, smoking status, body
mass index (BMI), HgAlc level, VitD3 level, Cholesterol, and Triglycerides serum levels. Serum VitD3 measurements
were obtained from medical records; detailed assay methodology was not consistently available due to the retrospective
design. Associated comorbidities such as hypertension, chronic renal disease and hyperlipidemia were also recorded.
Taking VitD3 supplements was noted. VitD3 level was recorded as absolute value and further all patients were
categorized into three categories of VitD3 deficiency according to our laboratory standards: Deficient: VitD3 < 10 ng/
mL, Insufficient: 10<=VitD3=<30 ng/mL, Sufficient: VitD3 > 30 ng/mL.

All data for both groups were recorded into an Excel sheet. SPSS statistical package 27 (IBM Corp, USA) was used
to analyze the data. Statistical methods employed included descriptive statistics for both groups showing mean, and
standard deviation for continuous variables, and frequencies for categorical variables. Cases with missing key variables
were excluded, and no imputation methods were applied. Univariate and multivariate analysis were employed to study
the effect of various factors on the development of DME in patients with DM with specific emphasis on role of VitD3
levels and VitD3 supplements. Model diagnostics included checks for multicollinearity and goodness-of-fit. Significance
level was considered at p-value of 0.05.

Results

A total of 332 participants were included in the final analysis. Table 1 summarizes the demographic data for both groups.
No significant age or sex differences were found between both groups. Also, there were no significant differences
between groups in terms of diabetic control (HbA1lc), BMI, and other medical comorbidities such as hypertension, renal
diseases and hypercholesterolemia. However, patients with DME have longer duration of DM (12.91 y vs 17.21 y, p <
0.001 for Non-DME and DME groups, respectively). Smoking was more prevalent in non-DME patients (p < 0.001).

2 https: Diabetes, Metabolic Syndrome and Obesity 2026:19



Al-latayfeh et al

Table | Baseline Characteristics Stratified by DME Status

Variable Non-DME (n = 184) DME (n = 148) p-value
Age 63.83 + 10.07 63.10 £ 9.62 0.504
Duration of DM 1291 £ 9.16 1721 £ 781 <0.001
HbAIC 8.81 £ 2.0l 872 £ |.68 0.671
Hgb 13.14 £ 1.97 12.98 = 1.77 0.446
VitD3 25.16 + 14.77 16.54 + 13.02 <0.001
Weight 84.41 + 1435 83.77 £ 10.54 0.638
Hight 161.48 + 8.13 161.49 + 4.89 0.982
BMI 32.40 + 5.09 32,19 £5.18 0.8
Sex:
Male 80 (44%) 80 (54%) 0.0709
Female 104 (56%) 68 (46%)
Hypertension 163 (88.5%) 127.0 (85.8%) 0.467
Renal Disease 16 (8.7%) 9 (6.1%) 0.491
Hyperlipidemia 29 (15.8%) 26 (17.6%) 0.771
Smoking:
Yes 116 (63%) 36 (24.3%) <0.001
No 68 (37%) 112 (75.7%)
VitD3 Supplements:
Yes 82 (44.6%) 43 (29.1%) 0.005
No 102 (55.4%) 105 (70.9%)

Abbreviations: DME, diabetic Macular Edema; VitD3, Vitamin D3; HbAlc, Glycosylated
Hemoglobin; BMI, Body Max Index; Hgb, Hemoglobin.

Mean serum VitD3 level was significantly lower in DME patients compared to control group (25.16 ng/mL vs 16.71
ng/mL, p <0.001 for non DME and DME groups respectively). In terms of VitD3 status category, there are more patients
in non-DME groups with sufficient VitD3 levels compared to DME group (Figure 1).

In Univariate analysis, taking the VitD3 level 10-30 ng/mL as a reference group, VitD3 deficiency (<10 ng/mL) is
associated with significant increase in the risk of DME (OR = 2.49; 95% CI = 1.46—4.56, p < 001). On the other hand,
sufficient VitD3 level (>30 ng/mL) seems to be protective against DME (OR = 0.51; 95% CI = 0.29-0.89, p < 0.001)
(Table 2). As VitD3 serum level increases from severe deficiency (<10) to moderate deficiency (10-30) to sufficiency
(>30), the risk of DME decreases in a graded and statistically significant pattern.

On multivariate analysis (Table 3), number of factors were possible predictive of DME including longer duration of
DM (OR = 1.061; 95% CI = 1.031-1.091, p < 0.001) and VitD3 deficiency (OR = 2.506; 95% CI = 1.4-4.437, p <
0.001). Conversely, cigarette smoking (OR = 0.428; 95% CI = 0.201-0.912), VitD3 Sufficiency (OR = 0.527; 95% CI =
0.285-0.975, p = 0.04) were inversely associated with DME (Figure 2).
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Figure | Frequency of patients with DME and no DME in different VitD3 serum level categories.

Discussion
Our study represents the largest Middle Eastern cohort upon which an exploration of the role of an important dietary
constituent, VitD3 (calcitriol), in the development of DME. In short, we found that VitD3 deficiency is strongly
associated with DME on both univariate and multivariate models. Other factors associated with DME included duration

Group
mm NonDME
@ DME

>30

of DM. On the other hand, appropriate VitD3 levels and cigarette smoking could be protective against the disease.

Table 2 VitD3 Category Distribution

VitD3 Category | Non-DME (n) | DME (n) | Total | DME % | P-value
<10 ng/mL 35 64 99 64.6% <0.001
10-30 ng/mL 79 58 137 42.3% <0.001
>30 ng/mL 70 26 96 27% <0.015
Total 184 148 332 —

Abbreviations: DME, Diabetic Macula Edema;

VitD3, Vitamin D3.

Table 3 Multivariate Logistic Regression for Different DME Risk Factors

Variable Adjusted OR | 95% CI Lower | 95% CIl Upper | p-value
Age 0.998 0.972 1.025 0.883
Sex 1.180 0.716 1.943 0516
Duration of DM | 1.061 1.031 1.091 <0.001
HbAIC 0.930 0813 1.063 0.286
Hypertension 0.707 0.327 1.528 0.378
Hyperlipidemia 1.281 0.659 2.488 0.465
Renal Disease 0.666 0.259 1.712 0.399
(Continued)
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Table 3 (Continued).

Variable Adjusted OR | 95% CI Lower | 95% Cl Upper | p-value
Smoking 0.428 0.201 0917 0.005
VitD3_low 2.506 1.415 4.437 0.001
VitD3_high 0.527 0.285 0.975 0.04

Al-latayfeh et al

Notes: Outcome: DME (I = present). Reference category for VitD3 = 10-30 ng/mL.
Abbreviations: DME, diabetic Macular Edema; VitD3, Vitamin D3; HbAlc, Glycosylated
Hemoglobin; BMI, Body Max Index; Hgb, Hemoglobin.

VitD3 has demonstrated several vital roles across both in-vivo and in-vitro studies. The literature showcases a number
of VitD3-related roles such as lowering reactive oxygen species and modulating VEGF expression in retinal cells,
preventing glucose-mediated cell damage, and acting as an inhibitor of retinal neovascularization.'>'* Several studies
have shown that patients with diabetes are already at a higher risk of VitD3 deficiency compared to their non-diabetic
counterparts. In fact, VitD3 deficiency was associated with higher rates of complications among such patients, mainly the
development of diabetic retinopathy and its severe variants.'>

Nonetheless, the generalized association between VitD3 and diabetic retinopathy is still inconclusive. While some
studies support the gradient relationship between levels of VitD3 and worse retinopathy severities,'® others failed to
observe such an association nor were able to associate VitD3 deficiency to classical factors of diabetic retinopathy.'
While certain meta-analyses have reached an accord on the negative effect of low serum VitD3 on patients with diabetes,
the quality of available evidence is subpar to say the least.'”2°

Interestingly, while Lae Kim et al had failed to find a significant difference in serum VitD3 among patients with DME
and controls; they were able to demonstrate significant differences in VitD3 in the aqueous humor, particularly higher for
patients with DME.?! This finding implies that the localized levels of VitD3 may represent organ ischemia. Moreover,
aqueous humor VitD3 was not correlated with serum vitD3 in that same study. These findings support the notion that
serum VitD3 may not be a true marker of concurrent ocular deprivation as the eye itself can produce VitD3 while also the

VitD3 _high | p=0.04

p<0.001
VitD3_I0w .

Smoking + p=0.003
Renal Disease}
Hyperlipidemia -

Hypertensiont

HbA1C

Duration of DM | p<0.001

Sex|

Aget

1 2 3 4
Adjusted Odds Ratio

Figure 2 Forest plot for different risk factors of DME in multiple regression model.
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blood-brain barrier limits the transmission of VitD3 to the eyes.?' Thus, localized VitD3 levels may not depend on its
systemic counterparts.”? Interestingly, Karimi et al found that serum VitD3 levels demonstrate an inverse relationship
with HbA1c levels, which implies an indirect effect on VitD3 on the risk factors of diabetic retinopathy or its more severe
complications, mainly DME.*?

Diabetic retinopathy has two sets of risk factors: modifiable and non-modifiable. Those modifiable include hypergly-
cemia, metabolic syndrome and its constituents, and hypertension. On the other hand, non-modifiable risk factors include
sex, duration of diabetes, ethnicity, puberty, pregnancy among others.”> Many of these factors are shared directly with
DME. Within our case-control, in addition to lower serum VitD3 level, we demonstrated that duration of DM is still
a major risk factor for DME. This is pathologically sound as longer duration of DM corresponds to an increased amount
of hyperglycemia-induced retinal damage.** This is further support by the observation which shows that tight glycemic
control halts the progression of retinopathy and reduces its risk by nearly half.>> However, both factors retained statistical
significance on multivariate analysis which may indicate that they might be independent of each other as a predictive
factor of DME.

On the other hand, cigarette smoking and higher serum level of VitD3 were possible protective factors against DME.
The relationship between smoking and DME is not well understood. Several analyses of the Wisconsin Epidemiologic
Study of Diabetic Retinopathy failed to provide consistent conclusions regarding the impact of smoking with regard to
progression of diabetic retinopathy.”® Thomson et al reported a protective role of smoking against DME in a large
cohort.?” Possible mechanisms by which smoking may decrease the risk for DME may involve inhibition of the secretion
of VEGF and subsequent endothelial cell migration as shown by several studies.”® Although cigarette smoking was
statistically associated with lower odds of DME, this counterintuitive finding should be interpreted with extreme caution
and does not imply a protective clinical effect. Residual confounding and selection bias are likely contributors.

This paper contains several limitations which include: Retrospective design, moderate sample size, an outpatient
hospital-based sample, probability for selection bias, loose inclusion criteria, missing data for medications and other
clinical variables, control and target groups may not be fully matched in terms of all clinical characteristics, measurement
errors may have been introduced when measuring VitD3 or other laboratory measures, and finally, lack of account for
dietary habits and other forms of VitD3 production. However, it highlights important relationship between VitD3 levels
and risk of DME, which may warrant further evaluation by more robust and community scale studies.

Conclusion

VitD3 deficiency is associated with increased odds of diabetic macular edema. While the findings are clinically relevant,
they must be interpreted cautiously due to methodological limitations. Further research is warranted to clarify causality
and determine whether VitD3 supplementation may influence DME development or treatment outcomes. The observed
association between smoking and reduced odds of DME should not be interpreted as protective and warrant cautious
interpretation.
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