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Association between serum vitamin D deficiency
and age-related macular degeneration in Koreans

Clinical case-control pilot study
Kyoung Lae Kim, MD, Sung Pyo Park, MD, PhD"

Abstract N\
The objective of this study was to evaluate the association between serum vitamin D deficiency and age-related macular |
degeneration (AMD) in Koreans through a clinical case—control pilot study. The study included 96 patients: 30 with late AMD, 32 with
early AMD, and 34 normal controls. The patients with late AMD were divided into 2 subgroups based on the presence or absence of
subretinal fibrosis on optical coherence tomography (OCT) images. We measured 25-hydroxyvitamin D levels in the serum of all
patients during the same season to rule out seasonal variation of serum vitamin D level. Serum vitamin D deficiency was defined as a
serum 25-hydroxyvitamin D level below 20ng/mL. Serum vitamin D deficiency had a tendency to increase the risk of early AMD,
although with borderline significance [odds ratio (OR)=3.59; 95% confidence interval (95% CI) 0.95-13.58; P=.060]. It was
significantly associated with a greater risk of late AMD (OR=3.61; 95%Cl 1.04-12.51; P=.043). Among the 2 subgroups of patients
with late AMD, those with subretinal fibrosis present on the OCT images showed a greater risk of serum vitamin D deficiency than the
normal controls (OR=7.54; 95% CI 1.34-42.51). However, there was no significant association between serum vitamin D deficiency
and late AMD without subretinal fibrosis (OR =1.89; 95% CI 0.40-8.92). Serum vitamin D deficiency may increase the risk of early and
late AMD in Koreans, and may also be associated with subretinal fibrosis in this population.

Abbreviations: AMD = age-related macular degeneration, CARMS = Clinical Age Related Maculopathy Staging, Cl = confidence
interval, CNV = choroidal neovascularization, CRP = C-reactive protein, KNHANES = Korea National Health and Nutrition

Examination Survey, OCT = optical coherence tomography, OR = odds ratio, Vitamin D = 25-hydroxyvitamin D.
Keywords: 25-hydroxyvitamin D, age-related macular degeneration, serum vitamin D deficiency, subretinal fibrosis

1. Introduction

Age-related macular degeneration (AMD) is one of the main
causes of blindness in individuals over 60 years of age in
developed countries.!'! The prevalence of AMD has gradually
increased in Koreans.!

The exact cause of AMD is currently unknown, but it is known
to be a multifactorial disease that is influenced by both genetic
and environmental factors.!®' Specifically, age, smoking history,
and family history of AMD are causative factors for AMD.™!

Ediitor: Suleyman Demircan.

Funding/support: This study was supported by the Hallym University Research
Fund (HURF-2015-46). The funding organization had no role in the design or
implementation of this studly.

The authors declare that they have no confiict of interest.

Department of Ophthalmology, Hallym University College of Medicine, Kangdong
Sacred Heart Hospital, Gangdong-gu, Seoul, South Korea.

) Correspondence: Sung Pyo Park, Department of Ophthalmology, Hallym
University College of Medicine, Kangdong Sacred Heart Hospital, #150
Seongan-ro, Gangdong-gu, 134-701 Seoul, South Korea

(e-mail: eyepyo@gmail.com).

Copyright © 2018 the Author(s). Published by Wolters Kluwer Health, Inc.

This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-
ND), where it is permissible to download and share the work provided it is
properly cited. The work cannot be changed in any way or used commercially
without permission from the journal.

Mediicine (2018) 97:33(e11908)
Received: 2 April 2018 / Accepted: 24 July 2018
http://dx.doi.org/10.1097/MD.0000000000011908

Other potential risk factors include exposure of the eye to
sunlight, cardiovascular disease, dietary fat intake, and dietary
antioxidant intake."!

Clinically, AMD is characterized by drusen formation, as well
as by changes in retinal pigment epithelial cells, both of which are
visible on fundus examination. Furthermore, AMD can be
subdivided into wet and dry forms, depending on the presence of
choroidal neovascularization (CNV).

Vitamin D is a circulating steroid hormone that counteracts
inflammation,'®! angiogenesis,!”! and fibrosis.!® Recently, inflam-
mation has been found to play a role in the pathogenesis of
AMD.”! Therefore, inflammation, angiogenesis, and fibrosis—
the 3 processes that are ameliorated by vitamin D—are all
involved in AMD pathogenesis and disease progression. Indeed,
several studies have shown a direct association between serum
vitamin D level and AMD.[1-14

When compared with other races, Koreans have differences in
serum vitamin D levels and the progression type of AMD. Serum
vitamin D levels are lower in Koreans than in other races.!'!
Moreover, old age has generally been suggested as a risk factor
for vitamin D deficiency because the cutaneous synthesis of
vitamin D declines with age.">~'”! However, according to the
Korea National Health and Nutrition Examination Survey
(KNHANES) in 2008, serum vitamin D concentration gradually
increases from the age of 20 to 70 years in Koreans.'®
Furthermore, in Koreans, exudative forms of AMD are more
prevalent than atrophic forms, such as progressive AMD, when
compared with other races.”! In advanced AMD, subretinal
fibrosis occurs, and this is associated with irreversible damage to
the retinal architecture, as well as severe vision loss. In some
patients, dry AMD progresses to wet AMD, and some cases of
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wet AMD progress to fibrotic forms. As mentioned above,
vitamin D counteracts fibrosis.

A study has been performed on the correlation between serum
vitamin D level and AMD in Koreans by using the data from the
KNHANES.!"" However, in this study, the patients were
categorized on the basis of fundus photographs only, as they
are the only available retinal imaging examination results in the
KNHANES data. Therefore, we conducted a clinical case—control
pilot study to evaluate the association between serum vitamin D
deficiency and AMD. Furthermore, we investigated the correla-
tion between subretinal fibrosis and serum vitamin D deficiency
in Koreans.

2. Methods

2.1. Participants

This study included patients who had visited Kangdong Sacred
Heart hospital, Seoul, Korea, due to a decrease in visual acuity from
May 2014 to June 2014 and during June 2018. All patients were
older than 50 years and had not been diagnosed as having a
cardiovascular disease (this included hypertension and diabetes
mellitus). We categorized the participants into 3 groups as follows:
the late AMD group, early AMD group, and those without any
macular degeneration (normal control group). Initially, 143
patients were enrolled (56 cases without any macular degenera-
tion, 49 with early AMD, and 38 with late AMD). Among them, we
excluded patients with any other diseases that involved systemic
inflammation, as well as those with autoimmune diseases, vitamin
D absorption problems, chronic renal failure, liver disease, or
parathyroid disease based on the medical records in our hospital. In
addition, we excluded patients with C-reactive protein (CRP) levels
above 1 mg/dL and those who were taking vitamin D supplements.
Of the 56 patients without any macular degeneration, 22 were
excluded. These exclusions were due to the presence of other
diseases that could affect serum vitamin D level (n=9), the use of
vitamin D supplements (n=10), or high CRP levels (n=3). Of the
49 patients in the early AMD group, 17 were excluded. This was
due to the presence of other diseases that could affect serum vitamin
D level (n=4), the use of vitamin D supplements (n=7), or high
CRP levels (n=6), leaving 32 patients who were included in the
study. Of the 38 patients with late AMD, 8 were excluded. This was
due to the presence of other diseases that could affect the serum
vitamin D level (n=2), the use of vitamin D supplements (n=3), or
high CRP levels (n=3). Finally, a total of 96 participants (normal
control group: n=34, early AMD group: n=32, late AMD group:
n=30) were eligible for inclusion in this study. The study protocol
was reviewed and approved by the institutional review board of the
Kangdong Sacred Heart hospital (IRB No. 2015-03-002).
Informed consent was confirmed by the IRB. Informed consent
was obtained from all individual participants included in the study.
All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional
research committee and with the 1964 Helsinki declaration and its
later amendments or comparable ethical standards.

2.2. Diagnosis of early and late AMD

Patients with decreased visual acuity due to cataract without any
macular degeneration were included in the normal control group.

Patients were included in the early AMD group only if they
belonged to stage 1 to 3 of the Clinical Age related Maculopathy
Staging (CARMS) system!'”! — CARMS 1: no drusen or < 10
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small drusen without pigment abnormalities; CARMS 2: > 10
small drusen or < 15 medium drusen, accompanied by pigment
abnormalities associated with AMD; CARMS 3: > 15 medium
drusen or any large drusen, with or without retinal pigment
epithelial detachment.

Late AMD was identified when CNV and drusen were visible
on fluorescence angiography (Topcon TRC-50DX; Paramus,
NJ), with retinal pigment epithelium abnormality on fundus
photography. Patients with late AMD were subdivided into 2
groups by the presence of subretinal fibrosis on the optical
coherence tomography (OCT; Spectralis, Heidelberg, Germany)
images correlated with the findings on fundus photographs
(whitish, fibrous lesion beneath the retina). The subretinal fibrosis
present on the OCT was defined as a hyperreflective area located
between the sensory retina and retinal pigment epithelium. One
group did not show subretinal fibrosis on the OCT (Subgroup1);
the other group showed subretinal fibrosis on the OCT
(Subgroup2). The retinal diagnosis was made by 2 trained
ophthalmologists.

2.3. Data collection and measurements

We measured 25-hydroxyvitamin D (vitamin D) in the serum of
all patients during the same season, to correct for the seasonal
variation of serum vitamin D levels. 25-hydoxyvitamin D was
measured using the ADIVA Centaur XP immunoassay system
(Siemens Healthcare Diagnostics, Erlangen, Germany). Venous
blood samples were obtained in an evacuated container. Serum
specimens were immediately frozen at —80°C. Estimations of
serum 25-hydroxyvitamin D level were performed within 2
weeks of collection. All serum analyses were performed properly
and promptly.

All patients also completed a questionnaire, which asked them
about their smoking status, duration of exposure to sunlight, and
the use of sunglasses while out of doors. This was done to exclude
other factors that might have affected serum 25-hydroxyvitamin D
levels. We analyzed the duration of exposure to the sunlight in
patients who were exposed for < 5hours daily—considering the
latitude of South Korea, as well as the skin type of the Korean
people, this is thought to be the cut-off point for the correlation
between sunlight exposure and vitamin D synthesis.””! Vitamin D
deficiency was defined as serum 25-hydroxyvitamin D level below
20ng/mL.*" Followed by the results of the KNHANES,
prevalence of early and late AMD is increased in Korean people
who are aged 65 years and over./*? Hence, we divided the patients
according to whether they were younger or older than 65 years.

2.4. Statistical analysis

Statistical analyses were performed using SPSS software, version
20.0 for Windows (IBM Corp, Armonk, NY). We estimated the
odds ratios (ORs) and 95% confidence intervals (95% ClIs) in
order to evaluate the association between serum vitamin D
deficiency and AMD. Moreover, to rule out other confounding
factors that could have interfered with the association between
AMD and serum vitamin D deficiency, we used multiple logistic
regression analysis. Statistical significance was defined as a
P<.05.

3. Results

A total of 96 patients were enrolled in our study (normal
control group: n=34, early AMD group: n=32, late AMD
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Demographics of the study participants.

Controls  Early AMD Late AMD

Variables (n=34) (n=32) (n=30) P
Male: Female, n 13:21 23:9 18:12 020
Age, y, Mean+SD 59.6+55 64.3+7.7 69.3+89  <.001
Smoking history, n (%)

No 21 (62) 19 (59) 11 (37)

Yes 13 (39) 13 (41) 19 (63) .091
Usage of sunglasses at

outside, n (%)

No 20 (59) 25 (78) 23 (77)

Yes 14 (41) 722 7 (23) 158
UV exposure time >

5h/day, n (%)

No 27 (79) 13 (41) 22 (73)

Yes 7(21) 19 (59) 8 (27) 002
25-hydroxyvitamin D, ng/mL, 26.1+8.6 21.9+45 15.0+54 " <.001

Mean+SD

AMD = age-related macular degeneration, SD=standard deviation, UV = ultraviolet.
Statistically significant: P< .05 (Chi-square test and Kruskal-Wallis test).

group: n=30). Among the patients with late AMD, 15 patients
were included in subgroup 1 and 15 in subgroup 2.

Statistically significant differences were observed among the 3
groups (normal control group, early AMD group, and late AMD
group) in terms of the ratio of males to females (P=.020), age
(P<.001), duration of exposure to sunlight (P=.002), and 25-
hydroxyvitamin D levels (P <.001; Table 1; P values calculated
using the Chi-square test and the Kruskal-Wallis test). We
analyzed the data using multiple logistic regression to rule out the
effects of other confounding factors that may have interfered with
the association between AMD and serum vitamin D deficiency.
After the multiple logistic regression analysis between the normal
control group and each AMD group, serum vitamin D deficiency
had a tendency to increase the risk of early AMD, although with
borderline significance (OR=3.59; 95% CI 0.95-13.58; P
=.060; Table 2). Serum vitamin D deficiency was also
significantly associated with a greater risk of late AMD (OR =
3.61; 95% CI 1.04-12.51; P=.043; Table 3).

With specific regard to the patients with late AMD, statistically
significant differences were observed between Subgroups 1 and 2
in terms of 25-hydroxyvitamin D levels (P=.015; Table 4; P
values calculated by the Chi-square test and the Mann—Whitney
test). As before, we analyzed the data using multiple logistic
regression analysis to rule out the effects of other confounding
factors that may have interfered with the association between
AMD and serum vitamin D deficiency. In the multiple logistic
regression analysis, patients with late AMD who showed
subretinal fibrosis on the OCT had a significantly greater risk
for serum vitamin D deficiency than the normal control group
(OR=7.54; 95% CI 1.34-42.51; Table 3). However, there was
no significant association between serum vitamin D deficiency
and late AMD without subretinal fibrosis (OR=1.89; 95% CI
0.40-8.92; Table 3).

4. Discussion

Our study has some differences in terms of the study design and
the results obtained, when compared with previous studies that
described the correlation between serum vitamin D level and
AMD in Koreans and in other races.['%4
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Multiple logistic regression analysis between the control group
and early age-related macular degeneration group.

Controls Early AMD 0dds ratio

Variables (n=34) (n=32) (95% Cl)
Sex, n (%)

Female 21 (62 9 (28) 1

Male 13 (38) 23 (72) 513 (1.23—21.48)*
Age > 65y, n (%)

No 23 (68) 13 (41) 1

Yes 11 (32) 59 1.65 (0.48-5.64)
Smoking history, n (%)

No 21 (62 19 (59) 1

Yes 13 (38) 13 (41) 0.67 (0.19-2.36)
Usage of sunglasses at outside, n (%)

No 20 (59) 25 (78) 1.72 (0.44-6.69)

Yes 14 (41) 7 (22) 1
UV exposure time > 5h/day, n (%)

No 27 (79 3 (41) 0.26 (0.08-0.87)"

Yes 7(21) 19 (59) 1
Vitamin D deficiency, n (%)

No 24 (71) 15 (47) 1

Yes 10 (29) 17 (53) 3.59 (0.95-13.58)

Vitamin D deficiency: serum 25-hydroxyvitamin D level below 20 ng/mL.
AMD = age-related macular degeneration, Cl=confidence interval, V= ultraviolet.
Statistically significant: P<.05.

Previous studies categorized patients on the basis of fundu-
scopic photographs.''*! However, in our study, we distin-
guished patients who visited our hospital using fundus
photography, fluorescence angiography, and OCT. Hence, we
could categorize the patients more specifically; for example,
patients with late AMD were divided into 2 subgroups depending
on the presence of subretinal fibrosis on the OCT images.

In our study, statistically significant differences were observed
between the controls and late AMD patients with subretinal
fibrosis on the OCT, in terms of the number of patients with
serum vitamin D deficiency. However, there were no statistically
significant differences between the controls and the late AMD
patients without subretinal fibrosis on OCT, in terms of the
number of patients with serum vitamin D deficiency. Singh
et al®3! reported that alterations in the complement system are
associated with subretinal fibrosis. Oxidative stress, which is
induced by the aging process, as well as by environmental factors,
may damage retinal cells, causing inflammation, increased levels
of extracellular matrix degrading proteins, and release of growth
factors that are thought to be associated with fibrosis.!**! Vitamin
D counteracts these changes. Therefore, serum vitamin D
deficiency may be associated with subretinal fibrosis in Koreans.

In our study, serum vitamin D deficiency had a tendency to
increase the risk of early AMD, although with borderline
significance, even though the number of patients who were
exposed to sunlight for more than 5hours was significantly
greater in the early AMD group than the controls and the late
AMD group. This is one of the major differences between our
results and those of previous studies on the correlation between
serum vitamin D level and AMD."% ' A previous study in
Koreans reported that the prevalence of early AMD increased
with higher 25-hydroxyvitamin D levels.'”! It suggested that
early AMD may be influenced by the adverse effects of ultraviolet
(UV) sunlight exposure rather than vitamin D, a byproduct of sun
exposure. However, many inflammatory cells have a receptor for
vitamin D,"**! and inflammatory bowel disease is associated with
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Multiple logistic regression analysis between the control group and late age-related macular degeneration group (Subgroups 1 and 2).

Controls Late AMD 0dds ratio Subgroup 1 Odds ratio Subgroup 2 0dds ratio

Variables (n=34) (n=30) (95% ClI) (n=15) (95% ClI) (n=15) (95% ClI)
Sex, n (%)

Female 21 (62) 12 (40) 1 6 (40) 1 6 (40) 1

Male 13 (38) 60) 1.49 (0.41-5.47) 9 (60) 1.81 (0.33-9.79) 9 (60) 1.77 (0.34-9.24)
Age > 65y, n (%)

No 23 (68) 13 (41) 1 4 (16) 1 6 (40) 1

Yes 11 (32) 9 (59) 4.26 (1.31—13.89)* 11 ( 5.87 (1.23—28.01)* 9 (60) 3.30 (0.72-15.11)
Smoking history, n (%)

No 21 (62) 11 (37) 1 7 (63) 1 4(27) 1

Yes 13 (38) 9 (63) 1.38 (0.39-4.91) 8 (47) 0.85 (0.17-4.36) 11 (73) 2.76 (0.53-14.32)
Usage of sunglasses at outside, n (%)

No 20 (59) 23 (77) 1.12 (0.30-4.13) 11 (73) 0.98 (0.19-4.93) 12 (80) 0.90 (0.14-5.93)

Yes 14 (41) 7 (23) 1 4(27) 1 3 (20) 1
UV exposure time > 5h/day, n (%)

No 27 (79) 22 (73) 0.66 (0.16-2.79) 12 (80) 0.51 (0.07-3.66) 10 (67) 0.93 (0.16-5.58)

Yes 7(21) 8 (27) 1 3 (20) 1 5(33) 1
Vitamin D deficiency, n (%)

No 24 (71) 15 (47) 1 7 (47) 1 4 (27 1

Yes 10 (29) 7 (53) 3.61 (1.04—12.51)* 8 (53) 1.89 (0.40-8.92) 11 (73) 7.54 (1.34-42.51)"

Subgroup 1: without the presence of subretinal fibrosis on optical coherence tomography.
Subgroup 2: with the presence of subretinal fibrosis on optical coherence tomography.
Vitamin D deficiency: serum 25-hydroxyvitamin D level below 20 ng/mL.

AMD =age-related macular degeneration, Cl=confidence interval, UV=ultraviolet.
*Statistically significant: P< .05.

low plasma vitamin D levels.?®! Furthermore, multiple sclerosis
has been associated with elevated plasma vitamin D levels.!*”!
Finally, inflammation is induced by cytokines and immunoglo-
bulins that are secreted from T-cells and B-cells; such inflamma-
tion is suppressed by vitamin D.*®! In previous studies regarding
inflammation and AMD pathogenesis, immunologic components
have been found within drusen, including immunoglobulins,
complement factors, and fibrinogen.*”! In 1 study, treatment of
aged mice using vitamin D reduced inflammation and amyloid
beta deposition in the retina.!*°! Therefore, on the basis of these
findings and the results of our study, serum vitamin D deficiency
may be associated with early AMD in Koreans.

Demographics of the subgroups with late age-related macular
degeneration.

Subgroup 1 Subgroup 2

Variables (n=15) (n=15) P
Male: Female (n) 9:6 9:6 1.000
Age, y, Mean+SD 70.5+£9.5 68.1+£8.5 .360
Smoking history, n (%)

No 7 (53) 4(27)

Yes 8 (47) 11 (73) .256
Usage of sunglasses at outside, n (%)

No 11 (73) 12 (80)

Yes 4.(27) 3 (20) .666
UV exposure time > 5h/day, n (%)

No 12 (80) 10 (67)

Yes 3 (20) 5(33) 409
25-hydroxyvitamin D, ng/mL, Mean +SD 16.9+4.0 12.6+5.7 © 015

Subgroup 1: without the presence of subretinal fibrosis on optical coherence tomography.
Subgroup 2: with the presence of subretinal fibrosis on optical coherence tomography.
SD =standard deviation, UV =ultraviolet.

*Statistically significant: P< .05 (Chi-square test and Mann-Whitney test).

As we mentioned before, exudative forms of AMD, such as
progressive type of AMD, are more prevalent among Koreans
than the atrophic forms.*! The exact cause of this is not yet
known. It may be attributed to the differences in genetic and
environmental factors between Koreans and people of other
races. In a study that investigated the genetic factors associated
with exudative AMD in Koreans, no significant differences were
found compared with other races.>!! Serum vitamin D levels are
lower in Koreans than in people of other races.'” In our study,
serum vitamin D deficiency was more strongly associated with
late AMD than with early AMD. Vitamin D inhibits angiogenesis
by reducing the expression of vascular endothelial growth factor,
as well as by inhibiting matrix metallopeptidase 9, which is
thought to play a role in CNV.2! Therefore, the lower serum
vitamin D level in Koreans than in other races may be one of the
environmental factors responsible for the higher prevalence of
exudative forms of AMD among Koreans.

According to the KNHANES in 2008, the Korean population
has a higher serum vitamin D concentration in the age group of
late AMD cases than in the age group of controls.''®! Considering
this fact, the results of our study, which showed that there are
more patients with serum vitamin D deficiency in the late AMD
group than the control group, are meaningful.

Nonetheless, our study had some limitations. First, we used a
small number of patients to confirm our hypothesis; however, our
study did vyield statistically significant data despite the small
number of patients. As a number of patients were excluded from
the study during the selection procedure, the study sample cannot
be considered representative of the general Korean population.
Second, there were differences between the different groups in our
study in terms of the ratio of male to female participants, as well
as the age distribution. Despite this, our study revealed a
significant inverse association between serum vitamin D
deficiency and AMD by using multiple logistic regression
analysis. Third, we did not consider the dietary vitamin D intake
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of the participants. Our body obtains vitamin D in 2 main ways—
absorption of UV radiation by the skin and absorption from
foods. However, less vitamin D is obtained from food than from
exposure to UV radiation. Fourth, in our study, when compared
with other groups, the early AMD group had a greater number of
patients with UV exposure time greater than 5hours per day.
However, the number of patients with serum vitamin D
deficiency were greater in the early AMD group than in the
normal control group, although the difference was only
borderline significant. We should ask additional questions to
the patients to confirm whether they were actually exposed to the
sunlight during the exposure time to sunlight (e.g., regarding the
usage of sunblock cream, wearing long clothing, or carrying a
parasol). These factors could be the cause of lower levels of serum
vitamin D in the early AMD group than the normal control
group, despite there being a greater number of patients with a UV
exposure time of more than 5hours per day in the early AMD
group.

In conclusion, serum vitamin D deficiency may increase the risk
of early and late AMD in Koreans. It may also be associated with
subretinal fibrosis in this population. Additional large population
studies are needed to confirm these results as well as to elucidate
the underlying mechanisms.
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