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Abstract
Purpose To compare serum and aqueous humor (AH) vitamin D levels between the patients with diabetic macular edema (DME)
and controls.
Methods A total of 65 subjects (30 DME, 35 control) were included. One-third of the control group had hypertension, dyslip-
idemia, or diabetes mellitus without diabetic retinopathy as underlying diseases. Serum and AH levels of 25-hydroxyvitamin D
were measured in each subject. Multiple linear regression analysis was performed to investigate factors associated with serum
and AH vitamin D levels.
Results There were no significant differences in serum vitamin D levels between the DME (14.3 ± 9.1 ng/mL) and control (16.2
± 8.0 ng/mL) groups (P = 0.374). However, eyes with DME (41.6 ± 8.0 ng/mL) had a higher AH level of vitamin D than control
eyes (25.5 ± 4.1 ng/mL, P < 0.001). AH vitamin D level was significantly associated with the presence of DME (β = 0.775,
P < 0.001). Serum and AH levels of vitamin D were not significantly correlated (r = − 0.157, P = 0.211).
Conclusion Serum vitamin D levels did not significantly differ between the DME and control groups. Localized vitamin D level
in the eye was independent from systemic vitamin D level and it might be another indicator of DME severity.
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Introduction

Diabetic macular edema (DME) can develop in any stage of
diabetic retinopathy (DR) and is a major cause of visual acuity
decreases in patients with DR. DME is mainly caused by the
breakdown of the blood-retinal barrier, induced by elevated
levels of vascular endothelial growth factor (VEGF) and var-
ious other inflammatory cytokines [1].

Vitamin D is a biosynthesized secosteroid that is essential
to a wide range of physiologic processes. Vitamin D has both

anti-inflammatory and anti-angiogenic effects and vitamin D
deficiency has been associated with various diseases, includ-
ing diabetes mellitus, hypertension, cardiovascular disease,
autoimmune disease, and infectious disease [2]. Vitamin D
receptors and 1-α-hydroxylase, which converts vitamin D to
its active form, have been found in the retina [3, 4]. It has been
suggested that a vitamin D deficiency may influence the de-
velopment and progression of various retinal disorders, in-
cluding DR. Alcubierre et al. [5] and Patrick et al. [6] found
a correlation between deficient serum vitamin D levels and
more advanced DR. Additionally, He et al. [7] showed that
the prevalence of sight-threatening DR doubles when serum
25-hydroxyvitamin D levels are below 15.57 ng/mL.
Additionally, Millen et al. [8] showed that higher levels of
serum 25-hydoxyvitamin D (> 75 nmol/L) significantly
lowered the risk of developing DR. On the other hand, Alam
et al. did not find a significant association between serum
vitamin D deficiency and severity of DR or diabetic
maculopathy, while the study was retrospective and only a
small proportion of included patients had diabetic
maculopathy [9].

The anti-inflammatory and anti-angiogenic effects of vita-
min D may improve DME pathophysiology and be protective
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against DME development. Furthermore, recent studies found
vitamin D metabolites in the aqueous humor (AH) and vitre-
ous body of the eye [3, 10], while studies that have examined
the association between DME and vitamin D levels are scarce.
Therefore, this study examined serum and AH vitamin D
levels in patients with DME.We also examined the correlation
between serum and AH vitamin D levels and whether or not
vitamin D can protect patients from developing DME.
Vitamin D measurements were also made in a control group
for comparison.

Methods

This study protocol was reviewed and approved by the
Institutional Review Board of Kangdong Sacred Heart
Hospital (IRB No. 2016-10-010; Seoul, South Korea).
All study conduct adhered to the tenets of the
Declaration of Helsinki and written informed consent
to participate in the study was obtained from all
participants.

Study subjects

Patients who had macular center-involving DME and
were scheduled to undergo intravitreal anti-VEGF injec-
tion (bevacizumab, Avastin®, Genentech/Roche, CA,
USA) between March and June 2017 were considered
for inclusion. All subjects were scheduled to undergo
intravitreal injection at Kangdong Sacred Heart
Hospital. During the same time period, patients with
no retinal disorders (including DR) and who were
scheduled to undergo cataract surgery at the same hos-
pital were considered for enrollment into the control
group. One-third of the control group had hypertension,
dyslipidemia, or diabetes mellitus without diabetic reti-
nopathy as underlying diseases. The study period was
limited to one season to prevent seasonal variations in
serum vitamin D levels from confounding our results.
Subjects who had any of the following conditions were
excluded: (1) combined chorioretinal disorder other than
DR and DME (e.g., age-related macular degeneration,
r e t i n a l v e i n o c c l u s i o n , a n d c e n t r a l s e r o u s
chorioretinopathy); (2) history of intravitreal anti-VEGF
injection within 6 months of enrollment; (3) history of
intraocular surgery (except for uncomplicated cataract
surgery), (4) systemic inflammatory or autoimmune dis-
ease, vitamin D absorption problems, liver disease, thy-
roid disease, or parathyroid disease, (5) use of medica-
tions known to influence serum vitamin D levels (e.g.,
anticonvulsants, rifampin, and glucocorticoids), (6)
chronic kidney disease with a creatinine (Cr) level at
or below 2.0 mg/dL.

Study examinations

Ophthalmic examinations and measurements

All subjects underwent a thorough ophthalmologic examina-
tion prior to any procedure, including slit lamp examination,
fundus examination, optical coherence tomography (OCT,
Spectralis, Heidelberg Engineering Inc., Heidelberg,
Germany), and measurement of intraocular pressure and
best-corrected visual acuity. Fluorescein angiography (FA)
was performed (TRC-50DX, Topcon, Oakland, NJ, or Optos
200TX, Optos PLC, Dunfermline, Scotland) in patients with
DMEwho were able to undergo contrast enhancement. Visual
acuity was evaluated using a Snellen chart and all measure-
ments were converted to the logarithm of the minimal angle of
resolution (logMAR) for statistical evaluation. Cataract eval-
uation was done according to the Lens Opacities
Classification System III [11]. Study OCT images were ob-
tained using a 25-line scan that included 30° × 20° of the cen-
tral macular area. Central macular thickness (CMT) was de-
fined as the mean retinal thickness within the 1-mm-diameter
central region of the Early Treatment Diabetic Retinopathy
Study (ETDRS) grid. A subject was said to have DME if
center-involving macular edema was present and CMT was
greater than 250 μm (as measured with OCT). In the control
group, those with diabetes also underwent OCT examination
and confirmed that there was no DME. We also classified
DME type into four categories according to the previous lit-
erature: (1) sponge-like diffuse retinal thickening, (2) cystoid
macular edema, (3) serous retinal detachment, and (4) all pat-
terns combined [12, 13]. Diabetic retinopathy severity was
assessed by two trained ophthalmologists (KLK, Y-KK) using
the modified ETDRS severity classification. Study FA images
were obtained using standard 8 field views used in the Central
Vein Occlusion Study [14] (TRC-50DX, Topcon, Oakland,
NJ) or wide-field fundus camera (Optos 200TX, Optos PLC,
Dunfermline, Scotland). The microaneurysms were counted
in the central macula area within the major vascular arcades.
Microaneurysm was defined as a localized hyperfluorescent
dilatation arising from a capillary equal to or larger than
1.0 mm [15]. We also measured peripheral non-perfusion area
by disc area (DA) [16] and categorized it as the following
criteria: < 1 DA, ≥ 1 and < 10 DA, ≥ 10 and < 30 DA, and ≥
30 DA. All measurements were performed by two trained
ophthalmologists (KLK, Y-KK).

Aqueous humor collection

All AH specimens were collected using an aseptic technique
in an operating room. After applying topical anesthesia eye-
drops (proparacaine, Alcaine®, Alcon, Fort Worth, TX,
USA), the ocular surface, eyelid, and eyebrow were
disinfected with 5% povidone iodine and a sterilized eyelid
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speculum was inserted. Anterior chamber punctures were per-
formed using a 1-mL syringe with a 30-gauge needle and
0.1 mL of AH was collected. All anterior chamber punctures
were performed before intravitreal bevacizumab injection
(1.25 mg in 0.05 mL) in the DME group and before main
corneal incision creation of cataract surgery in the control
group. All AH samples were immediately transferred to sterile
tubes and stored in a deep freeze at − 80 °C. AH 25-
hydroxyvitamin D levels were measured using an automated,
competitive immunoassay (25-hydroxyvitamin D ELISA kit,
Enzo, Switzerland) that relies upon chemiluminescence.

Serum laboratory evaluations

A venous blood sample was obtained from each patient. The
following serum levels were measured: 25-hydroxyvitamin D,
glycated hemoglobin (HbA1c), total cholesterol (TC), high-
density lipoprotein (HDL), triglyceride, low-density lipopro-
tein (LDL), and Cr. The HbA1c level was determined using
turbidimetric inhibition immunoassay (Cobas Integra 400
Plus testing system, Roche Diagnostics, Indianapolis, IN,
USA). Serum triglyceride, TC, HDL, and LDL were deter-
mined using enzymatic colorimetric assays (reagents obtained
from Roche Diagnostics). Serum 25-hydroxyvitamin D was
measured using the ADIVA Centaur XP immunoassay system
(Siemens Healthcare Diagnostics, Erlangen, Germany) after
sample centrifugation (2500 rpm for 10 min).

Subject data collection

Demographic, lifestyle, and medical history data were collect-
ed via medical record review and patient interview. More spe-
cifically, the following parameters were obtained: (1) presence
of systemic disease (diabetes mellitus, hypertension, dyslipid-
emia, and chronic kidney disease), (2) vitamin D supplement
intake within 1 year of enrollment (never taken, taken in the
past but discontinued, currently taking), (3) degree of outdoor
activity (corresponds to sunlight exposure), (4) smoking status
(current smoker, former smoker, never smoked), (5) education
periods (number of years of education [elementary school
through university]). Outdoor activity was classified as inac-
tive (mostly indoor activity because of poor mobility), under-
active (mostly indoor, static activity [e.g., regular office work-
er]), active (indoor work with regular outdoor activity outside
of working hours), and very active (mainly engaged in out-
door work).

Statistical analyses

Data are presented as mean ± standard deviation, where appli-
cable. Serum and AH 25-hydroxyvitamin D levels were com-
pared between the DME and control groups using Student’s t
test . The correlation between serum and AH 25-

hydroxyvitamin D levels was assessed using Pearson’s corre-
lation test. Multiple linear regression analysis with a stepwise
approach was used to examine clinical factors potentially as-
sociated with serum and AH vitamin D levels, including age,
sex, bodymass index (BMI), HbA1c levels, serum cholesterol
(TC, HDL, LDL) and triglyceride levels, and Cr levels.
Potential correlations with the degree of outdoor activity, vi-
tamin D supplement intake, and the presence or absence of
DR or DMEwere also investigated. Multiple linear regression
analysis was also performed on DME group data to examine
correlations between AH 25-hydroxyvitamin D levels and
various clinical and OCT (e.g., CMT before and 1 month after
intravitreal injection) parameters. We divided DME patients
into tertiles according to the AH 25-hydroxyvitamin D levels
and compared OCTand FA findings. Statistical analyses were
performed using statistical software (Stata version 14.0; Stata
Corp., College Station, TX, USA) and statistical significance
was defined as P < 0.05.

Results

A total of 65 subjects were enrolled in this study. Thirty pa-
tients were included in the DME group (19 men, 11 women)
and 35 patients were included in the control group (14men, 21
women). There was no significant difference between groups
in age, sex, or BMI. Both groups also had comparable levels
of serum cholesterol (TC, HDL, and LDL) and triglyceride
and had similar levels of outdoor activity and vitamin D sup-
plement intake. Although we did exclude patients with chron-
ic kidney diseases that had a serum Cr level higher than
2.0 mg/dL, serum Cr level was significantly higher in the
DME group (1.4 ± 1.4 mg/dL) than in the control group (0.8
± 0.2 mg/dL, P = 0.023). There was no significant difference
in lens status between the two groups. The DME group had a
higher proportion of patients with diabetes and dyslipidemia
and a higher serum HbA1c level than the control group.
Serum vitamin D levels were not significantly different be-
tween groups (DME 14.3 ± 9.1 ng/mL, control 16.2 ±
8.0 ng/mL; P = 0.374). A large percentage of subjects in both
groups (90% in the DME group and 94% in the control group)
had a serum vitamin D deficiency (serum vitamin D < 30 ng/
mL). However, the DME group had a significantly higher AH
vitamin D level (41.6 ± 8.0 ng/mL) than the control group
(25.5 ± 4.1 ng/mL, P < 0.001; Table 1).

Multiple linear regression analysis revealed that serum vi-
tamin D level was significantly correlated with older age
(standardized β-coefficient = 0.382, P = 0.001) and marginal-
ly associated with the amount of vitamin D supplement intake
(standardized β-coefficient = 0.248, P = 0.056; Table 2). The
AH vitamin D level was associated with the presence of DME
(standardized β-coefficient = 0.775, P < 0.001) and higher
BMI (standardized β-coefficient = 0.198, P = 0.009;
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Table 1 Demographics and
clinical characteristics of diabetic
macular edema patients and
controls

Variables DME (n = 30) Control (n = 35) P valuea

Age, years 57.7 ± 10.1 62.2 ± 10.5 0.082

Male, n (%) 19 (63) 14 (40) 0.061

Underlying diseases

Diabetes mellitus, n (%) 30 (100) 11 (31) < 0.001

Hypertension, n (%) 11 (37) 11 (31) 0.656

Dyslipidemia, n (%) 18 (60) 12 (34) 0.038

Body mass index, kg/m2 24.6 ± 3.1 23.9 ± 2.9 0.402

HbA1c, % 8.0 ± 1.6 6.1 ± 1.1 < 0.001

Total cholesterol, mg/dL 174.4 ± 55.4 181.9 ± 44.2 0.544

High-density lipoprotein, mg/dL 47.4 ± 13.6 51.3 ± 13.4 0.249

Low-density lipoprotein, mg/dL 100.6 ± 35.4 105.4 ± 29.8 0.557

Triglycerides, mg/dL 186.4 ± 106.7 172.7 ± 99.5 0.596

Creatinine, mg/dL 1.4 ± 1.4 0.8 ± 0.2 0.023

Degree of outdoor activity, n (%) 0.272

Inactive 1 (3) 0 (0)

Underactive 14 (47) 11 (31)

Active 12 (40) 22 (63)

Very active 3 (10) 2 (6)

Vitamin D supplement intake, n (%) 0.096

Never taken 21 (70) 17 (49)

Taken in the past but discontinued 2 (7) 2 (6)

Currently taking 7 (23) 16 (46)

Smoking status, n (%) 0.151

Current smoker 11 (37) 3 (9)

Former smoker 3 (10) 13 (37)

Never smoked 16 (53) 19 (54)

Education periods, years 11.4 ± 3.0 10.8 ± 3.1 0.433

BCVA, LogMAR 0.6 ± 0.4 0.5 ± 0.4 0.547

Intraocular pressure, mmHg 13.9 ± 3.4 14.3 ± 3.4 0.645

Lens status, n (%) 0.452

Cortical cataract 12 (20) 14 (20)

Nuclear cataract 8 (13) 9 (13)

Posterior subcapsular cataract 9 (15) 12 (17)

Mixed type cataract 12 (20) 17 (24)

Pseudophakia 19 (32) 18 (26)

Diabetic retinopathy severity, n (%) < 0.001

No DR 0 (0) 35 (100)

Mild to moderate NPDR 6 (20) 0 (0)

Severe NPDR 12 (40) 0 (0)

PDR 12 (40) 0 (0)

Serum vitamin D level, ng/mL 14.3 ± 9.1 16.2 ± 8.0 0.374

Serum vitamin D deficiency, n (%) 27 (90) 33 (94) 0.525

Aqueous humor vitamin D level, ng/mL 41.6 ± 8.0 25.5 ± 4.1 < 0.001

Data are presented as mean ± standard deviation or n (%) as applicable

Serum vitamin D deficiency: serum 25-hydroxyvitamin D level below 30 ng/mL

DME, diabetic macular edema; HbA1c, glycated hemoglobin; LogMAR, logarithm of the minimum angle of
resolution; BCVA, best-corrected visual acuity; DR, diabetic retinopathy; NPDR, nonproliferative diabetic reti-
nopathy; PDR, proliferative diabetic retinopathy; vitamin D, 25-hydroxyvitamin D
a Independent t tests and chi-square tests were used to examine continuous and categorical variables, respectively
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Table 2). Serum and AH vitamin D levels were not correlated
(Pearson’s r = − 0.157, P = 0.211). In the DME group, AH
vitamin D level was associated with higher BMI (standardized
β-coefficient = 0.708, P < 0.001), thicker CMT 1 month after
intravitreal injection (standardized β-coefficient = 0.554, P =
0.001), and lower serum triglyceride level (standardized β-
coefficient = − 0.463, P = 0.009; Table 2).

When we divided DME patients into tertiles according to
the AH vitamin D level, the highest AH vitamin D level tertile
group showed wider non-perfusion area in FA. There were no
significant differences in baseline CMT among three groups;
however, those with the highest AH vitamin D level showed
the thickest 1-month CMT. There were no significant differ-
ences in terms of the diabetic retinopathy severity, the number
of microaneurysms, or the macular edema type among the
three groups (Table 3).

Discussion

This study examined and compared serum and AH vitamin D
levels in eyes with DME and in eyes of controls. Unlike our
initial expectation, no significant serum vitamin D level dif-
ferences between groups were observed. Moreover, AH vita-
min D level was higher in the DME group than in the control
group and serum and AH vitamin D levels were not signifi-
cantly correlated. However, in eyes with DME, AH vitamin D
level was positively correlated with BMI and CMT 1 month

after intravitreal anti-VEGF injection, and those with high
level of AH vitamin D showed wider area of non-perfusion
in FA.

Some prior studies have demonstrated an inverse relation-
ship between serum vitamin D level and DR severity [5–8,
17]. However, other studies did not [9, 18]. Bonakdaran
et al. [18] did not find a significant difference in serum
vitamin D level among patients with no DR, nonproliferative
DR, and proliferative DR. Additionally, vitamin D level was
not significantly correlated with other known risk factors of
DR, including diabetes duration, poor glycemic control, hy-
pertension, inflammation, and insulin growth factor. Alam
et al. [9] also found no association between serum vitamin
D level and DR or diabetic maculopathy severity. Both stud-
ies included a population with a high incidence of serum
vitamin D deficiency and both investigative groups theorized
that this explained why there was no correlation between
serum vitamin D level and DR severity. The population
examined in the current study also had a very high propor-
tion of patients with a serum vitamin D deficiency (60
[92.3%] of 65 subjects). This was not surprising because
serum vitamin D deficiency is more common in Korea than
in other countries, likely because Koreans are reluctant to
expose their skin to sunlight (except for their faces) and the
traditional Korean diet is low in vitamin D [19]. Therefore,
it is possible that our ability to examine the relationship
between serum vitamin D levels and DR severity was lim-
ited by a low range of subject vitamin D levels.

Table 2 Multiple linear
regression analysis for factors
associated with serum and
aqueous humor 25-
hydroxyvitamin D level

Variables Coefficient
B

Standard
error

Standardized β-
coefficient

P value

Analysis 1: serum 25-hydroxyvitamin D level

Age 0.309 0.092 0.382 0.001

Vitamin D supplement intake 2.165 0.989 0.248 0.056

Analysis 2: aqueous humor 25-hydroxyvitamin D level

Presence of DME 15.662 1.479 0.775 < 0.001

Body mass index 0.677 0.250 0.198 0.009

Analysis 3: aqueous humor 25-hydroxyvitamin D level in DME patients

Body mass index 1.774 0.414 0.708 < 0.001

CMT 1 month after intravitreal
injection

0.059 0.016 0.544 0.001

Triglyceride − 0.033 0.012 − 0.463 0.009

Stepwise approach was used and variables with P < 0.100 are selected

Common variables (analyses 1, 2, 3) entered included age, sex, body mass index, total cholesterol, high-density
lipoprotein, low-density lipoprotein, triglyceride, creatinine, outdoor activity, vitamin D supplement intake

Variables added on analysis 1: aqueous humor vitamin D level, presence of diabetic retinopathy, presence of
diabetic macular edema

Variables added on analysis 2: serum vitamin D level, presence of diabetic retinopathy, presence of diabetic
macular edema

Variables added on analysis 3: serum vitamin D level, baseline central macular thickness, central macular thick-
ness 1 month after intravitreal injection, severity of diabetic retinopathy

CMT, central macular thickness; DME, diabetic macular edema
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Subjects with DME, on average, surprisingly had a higher
AH vitamin D level than control subjects. Even after adjusting
for several clinical factors, multiple regression analysis re-
vealed that DME presence was still significantly associated
with the higher AH vitamin D levels. When the same analysis
was performed on data from DME subjects only, CMT mea-
sured 1 month after intravitreal anti-VEGF injection was sig-
nificantly associated with AH vitamin D level, and those with
higher level of AH vitamin D showed wider area of non-

perfusion in FA. Therefore, it may be that localized levels of
vitamin D represent the degree of organ ischemia. It has been
reported that the active form of vitamin D (1,25(OH)2D3)
increases VEGF expression and release in vascular smooth
muscle cells via direct binding of the vitamin D receptor (as
a transcription factor) to a VEGF promoter [20–22]. This find-
ing has not yet been investigated in retinal or retinal pigment
epithelial cells. However, this finding makes it possible for
AH vitamin D levels to be correlated with ocular ischemia

Table 3 Demographics and
clinical findings of diabetic
macular edema patients divided
into tertiles according to the level
of aqueous humor vitamin D

Variables Lowest tertile
(n = 10)

Middle tertile
(n = 10)

Highest tertile
(n = 10)

P value

Age, years 60.8 ± 12.3 56.1 ± 7.4 56.2 ± 10.4 0.511

Male, n (%) 7 (70) 5 (50) 7 (70) 0.563

Aqueous humor vitamin D level,
ng/mL

33.5 ± 2.8 40.0 ± 2.8 51.2 ± 3.6 < 0.001

Serum vitamin D level, ng/mL 14.7 ± 10.7 12.2 ± 4.8 15.8 ± 11.1 0.674

Body mass index, kg/m2 23.5 ± 2.3 24.6 ± 3.2 25.5 ± 3.5 0.340

HbA1c, % 7.8 ± 1.7 7.8 ± 1.0 8.4 ± 1.9 0.545

Total cholesterol, mg/dL 147.6 ± 27.5 185.3 ± 56.3 190.3 ± 69.0 0.172

High-density lipoprotein, mg/dL 41.1 ± 9.8 50.2 ± 14.0 50.9 ± 15.5 0.204

Low-density lipoprotein, mg/dL 86.2 ± 19.3 106.4 ± 34.2 109.2 ± 46.3 0.294

Triglycerides, mg/dL 210.9 ± 104.6 174.3 ± 145.7 173.9 ± 59.3 0.688

Creatinine, mg/dL 1.0 ± 0.4 1.1 ± 0.5 1.1 ± 0.5 0.826

Diabetic retinopathy severity, n (%) 0.240

Mild to moderate NPDR 4 (40) 1 (10) 1 (10)

Severe NPDR 2 (20) 4 (40) 6 (60)

PDR 4 (40) 5 (50) 3 (30)

FA findings (n = 22)

Number of microaneurysms, n (%) 0.629

0–9 1 (20) 1 (13) 0

10–29 3 (60) 4 (50) 7 (78)

≥ 30 1 (20) 3 (38) 2 (22)

Area of non-perfusion, n (%) 0.006

< 1 DA 3 (60) 0 2 (22)

≥ 1, < 10 DA 0 1 (13) 1 (11)

≥ 10, < 30 DA 2 (40) 7 (88) 1 (11)

≥ 30 DA 0 0 5 (56)

OCT findings

Macular edema type, n (%) 0.809

SDRT 1 (10) 2 (20) 0

CME 6 (60) 6 (60) 6 (60)

SRD 1 (10) 1 (10) 1 (10)

Combined 2 (20) 1 (10) 3 (30)

Baseline CMT (μm) 446.9 ± 212.7 368.2 ± 132.1 453.9 ± 118.4 0.424

CMT at 1 month (μm) 313.6 ± 60.5 272.9 ± 44.1 367.0 ± 75.9 0.011

P value by one-way ANOVA for continuous variables, chi-square test or Fisher’s exact test for categorical
variables

CME, cystoid macular edema; CMT, central macular thickness; DA, disc area; FA, fluorescein angiography;
HbA1c, glycated hemoglobin; NPDR, nonproliferative diabetic retinopathy;OCT, optical coherence tomography;
PDR, proliferative diabetic retinopathy; SDRT, sponge-like diffuse retinal thickening; SRD, serous retinal
detachment
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severity. Further research is needed to investigate whether
ischemia-driven VEGF production is preceded by local vita-
min D synthesis.

The current study did not show a significant correlation
between serum and AH vitamin D levels. Previous studies
have examined the relationship between serum vitamin D lev-
el and clinical parameters in DR patients. However, this is the
first study to measure ocular vitamin D levels in eyes with
DME. Interestingly, we found that systemic and ocular vita-
min D levels were not correlated to each other. This may have
occurred because the eye is capable of producing vitamin D
when exposed to UV light [10] and the blood-retinal barrier
likely restricts free movement of vitamin D between the sys-
temic circulation and the eye [23–26]. Further studies are
needed to better understand how systemic and local organ-
specific vitamin D levels are correlated.

This study showed an increase in serum vitamin D levels
with age. Older age is generally considered to be a risk factor
for vitamin D deficiency because of an age-related decline in
cutaneous vitamin D synthesis [27–29]. According to the
2008 Korea National Health and Nutrition Examination
Survey, the Korean people have a high prevalence of vitamin
D insufficiency (47.3% in males, 64.5% in females) [30]. That
study found that vitamin D insufficiency in Korean adults was
associated with younger age, spring and winter seasons, living
in an urban area, and having an indoor occupation. Even after
adjusting for other confounders (e.g., occupation), being in a
younger age group remained an independent predictor of vi-
tamin D insufficiency. This finding may be related to behav-
ioral factors, including indoor lifestyle, sunscreen use, and
dietary habits. In agreement, the current study found an asso-
ciation between older age and higher serum vitamin D levels.
However, some behavioral factors that were not accounted for
in this study may have affected our findings.

Our study had several limitations. First, our relatively small
sample size may not have been large enough to adequately
power the study. Second, the control and DME groups were
not fully matched in terms of clinical characteristic (e.g., se-
rum Cr was higher in the DME group even though patients
with Cr ≥ 2.0 mg/dL were excluded). Third, measurement
errors may have been introduced into the obtained serum
and AH vitamin D levels. Fourth, we suggested that AH vita-
min D may represent the degree of organ ischemia; however,
our data lack intraocular level of VEGF or other inflammatory
cytokines related to DME. Last, our study did not account for
dietary habits and restrictions that influence systemic vitamin
D levels. However, vitamin D is mainly biosynthesized in
humans with UV light exposure and only small amounts are
added to the human body via dietary intake.

In conclusion, this is the first study to examine both serum
and AH vitamin D levels in DME patients. Serum vitamin D
levels were not significantly different between the DME and
control groups. Additionally, there was no significant

correlation between serum and AH levels of vitamin D.
Interestingly, the DME group had a higher AH vitamin D level
than the control group. Furthermore, DME subjects with a
higher level of AH vitamin D had poorer clinical outcomes
following intravitreal anti-VEGF injection (e.g., greater CMT
1 month after injection) and showed wider area of capillary
non-perfusion in FA. These results suggest that localized vi-
tamin D levels in the eye are independent of systemic vitamin
D levels and that vitamin Dmeasurements may be an indicator
of an organ ischemia and DME severity. Further studies are
needed to confirm our findings and clarify the role of vitamin
D in the development and progression of DME.
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