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Aim. To increase the effectiveness of the treatment of age-related macular degeneration (AMD), dry form, in
postmenopausal women by determining the level of serum vitamin D and correcting its deficiency.

Materials and methods. The study was conducted on the basis of the Department of Ophthalmology at Bogomolets
National Medical University, was prospective, case-control, included 88 women (88 eyes) aged 72.0 + 10.1
years, who were divided into 2 groups: control group — 20 patients (20 eyes) without AMD and study group — 68
patients (68 eyes) with AMD, dry form.

Results. Supplemental vitamin D did not significantly improve visual acuity, but slowed the deterioration of contrast
sensitivity. Deficiency of vitamin D is associated with lower visual acuity, negatively affects contrast sensitivity,
more strongly than its insufficiency. The results of the treatment in the AREDS-2 + vitamin D group after 12
months showed a probable double increase in the content of 25(OH)D in patients with AMD, dry form (p < 0.05).
Visual acuity after 12 months decreased by 7.56 % (from 0.19 + 0.06 to 0.20 + 0.06) in women who took only
AREDS-2 drugs, and by 6.78 % (from 0.18 4 0.07 to 0.19 + 0.08) in the group where vitamin D medications
were additionally prescribed (p > 0.05). Logarithmic indicators of contrast sensitivity after treatment had a slight
negative trend in both groups, decreased by 2.80 % in women in the AREDS-2 group, and by 2.25 % in women
who additionally took vitamin D medications (p > 0.05).

Conclusions. Irreversible vision loss is a global problem with both medical and socioeconomic consequences.
Age-related macular degeneration is one of the main diseases that lead to blindness, especially in people over
50 years old. Additional prescription of vitamin D to AREDS-2 may be beneficial in slowing the progression of
AMD. Further studies are needed to confirm these results.
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3MiHM PyHKLiOHAABHUX NOKA3HUKIB OpraHa 30py y naujieHTis
i3 BikOBOIO AereHepaLieto MakyAu 3a yMOB 3aCTOCyBaHHA BiTamiHy D

T. M. Komaposa, O. . BitoBcbKa, H0. I. KomicapeHko, C. K. LLoabty,

Merta po6oTi - MigBMLLMTY edeKTUBHICTb NiKyBaHHS BIKOBOI AereHepauii makynv (BOM) cyxoi popmu y xiHOK
MOCTMEHOMay3arbHOrO BiKY LLINSXOM BU3HA4EHHS PIBHS CMPOBATKOBOTO BiTaMiHy D Ta kopekLii 110ro HegoCTaTHOCTi.

Martepianu i metoaun. [locnimkeHHs 3gidcHunM Ha 6asi kadenpu odransmonorii HalioHansHoro meguyHoro
yHiBepcuTety imeHi O. O. Boromonbus. [locnigxeHHs NpocnekTMBHE, BUNaAOoK — KOHTPOMb. 3anyyeHo 88 xiHok
(88 ouent) Bikom 72,0 = 10,1 poky, sIkuUX NOLINUAM Ha 2 rpynin: KOHTponbHa — 20 nauieHTok (20 oueit) 6e3 BOM;
rpyna gocnimkeHHs — 68 nauieHTok (68 ouen) 3 BOM cyxoi dopmu.

Pesyabtatu. [lofaTkoBe npuitMaHHs BiTamiHy D He CIPUYNHIIO 3HAYHOO MOKPALLEHHS TOCTPOTY 30pY, OAHAK
YMOBINBHUIO MOTiPLUEHHS KOHTPACTHOI YyTnMBOCTI. JediunT BitamiHy D noB’3aHuii i3 HUKXYMMM NOKa3HYKaMK
rOCTPOTU 30PY, BNNWBAE HA KOHTPACTHY YyTIUBICTb iCTOTHILLE, HiX NOro HEAOCTATHICTb. Pe3ynbraTty nikyBaHHs y
rpyni AREDS-2 + Bitamin D 4yepes 12 micsuiB nokasanu BiporigHe niaBuLLeHHs (Bagidi) Bmicty 25(0OH)D y naui-
eHTok 3 BIIM cyxoi chopmu (p < 0,05). FocTpoTa 3opy yepes 12 micauis 3Huaunacs Ha 7,56 % (30,19 + 0,06 po
0,20 £ 0,06) y xiHOK, sii oTpumyBany nuwe npenapatm AREDS-2, Ta Ha 6,78 % (3 0,18 + 0,07 go 0,19 £ 0,08)
y rpyni, A€ Aof4AaTKOBO NpuaHavanu npenapatu BitamiHy D (p > 0,05). JlorapudmiuHi NokasHUKK KOHTPacTHOI
YYTAMBOCTI NiCASA NikyBaHHA Mani He3HauHy HeraTUBHY AuHaMiky B 060X rpynax, sHuaunmcs Ha 2,80 % y xiHok
i3 rpynvu AREDS-2 T1a Ha 2,25 % Y XiHOK, iki B0[aTKOBO OTpUMYyBanu npenapatu Bitamity D (p > 0,05).

BucHoBku. He3sopoTHa BTpata 30py — rmobanbHa npobnema, Lo Mae i MeauyHi, i couianbHO-eKOHOMIYHI Ha-
cnizkv. BikoBa aereHepaLlis Makynu € 0gHIUM 3 OCHOBHMX 3aXBOPIOBAHb, LU0 MPU3BOANT [0 CMiNOTH, 0COONMBO
y ntogei, crapmx 3a 50 pokis. [logatkose npuiimanHs BitamiHy D pasom i3 AREDS-2 moxe ByTu kopucHAM
ANs ynoBinbHeHHs nporpecyBaHHs BOM. MoTpibHi HacTynHi fOCNImXeHHS ANs NiSTBEPIKEHHS LMX pe3ynsTaTis.
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Irreversible vision loss is a worldwide problem that goes
beyond medical issues and has a profound impact on the so-
cio-economic sphere. People with visual impairment require
expensive care, which places a significant burden on both the
state budget and their families.

More than 2.2 billion people worldwide suffer from visual im-
pairment, and half of these cases are preventable or treatable [1].

Major diseases leading to visual impairment and blind-
ness include cataracts (94 million cases), refractive anomalies
(88.4 million), age-related macular degeneration (8 million),
glaucoma (7.7 million), and diabetic retinopathy (3.9 million).
These conditions cause significant economic losses, for example,
the annual loss of work productivity due to visual impairment is
estimated at US $411 billion [1].

Visual impairment affects people of all age groups but is
particularly common in those aged 50 and above [1]. By 2030,
the world population aged 60 and over is projected to grow from
962 million in 2017 to 1.4 billion, while the number of people over
80 is expected to increase from 137 million to 202 million [2]. This
demographic transition will consequently elevate the prevalence
of severe eye diseases.

Age-related macular degeneration (AMD) is the leading cause
of blindness in developed countries and is the third leading cause
of blindness worldwide, behind cataract and glaucoma. By 2019,
approximately 196 million individuals worldwide were diagnosed
with AMD [2]. AMD cases are expected to increase 1.5 times in
the United States by 2050, despite efforts to prevent and treat
neovascular form of AMD [3].

The prevalence of age-related eye diseases is expected to
increase. The number of people diagnosed with AMD is projected
to increase 1.2 times to approximately 243.3 million by 2030. In
Europe, the number of AMD patients was around 67 million in
2020 and is projected to increase to 77 million by 2050 [2]. The
prevalence of AMD is projected to increase by 15 % and the
incidence by 75 % by 2050 [4]. By 2040, Europe is expected to
have 14.9-21.5 million cases of early-stage AMD and 3.9-4.8
million cases of late-stage AMD [5].

Clinical studies indicate that more than 10 % of people aged
65-74 have symptoms of AMD, this figure rises to 25 % among
people aged 75 and over and exceeds 30 % among people over
85. Notably, if AMD is diagnosed in one eye, the other eye is
usually affected within 5 years [6].

AMD is a complex disease influenced by various factors.
Although the role of vitamin D in the development of this disease
is widely discussed in the current literature, a definitive conclusion
remains inconclusive.

Certain studies suggest a correlation between vitamin D
deficiency and an elevated risk of AMD [7,8,9,10,11,12]. On the
contrary, other research does not find such an association [13].
The precise mechanism by which vitamin D influences AMD
remains unclear and requires further study.

It is critical to recognize that vitamin D deficiency is wide-
spread throughout the world [14]. According to the World Health
Organization (WHO), 50-80 % of the world’s population have
insufficient level of this vitamin [14]. In Poland, nearly 90 %
of the population has low level of vitamin D [15]. Similarly, in
Ukraine, over 90 % of the population suffers from vitamin D

deficiency, according to Povoroznyuk [16]. Moreover, among
24.6 million women in Ukraine, more than half are postmeno-
pausal [16]. According to WHO data for 2015, women aged
45 years and older accounted for 46 % of the world’s total
female population [2].

Vitamin D insufficiency can adversely affect health, contri-
buting to the onset of various pathologies, including immune and
autoimmune disturbances, cardiovascular diseases, metabolic
disorders, and cancer [17].

Aim
To increase the effectiveness of the treatment of age-related
macular degeneration, dry form, in postmenopausal women

by determining the level of serum vitamin D and correcting its
deficiency.

Materials and methods

The study was conducted at the clinical base of the Depart-
ment of Ophthalmology of the Bogomolets National Medical
University and was a prospective, case-control study.

All studies were conducted in accordance with the bioethi-
cal requirements of the Declaration of Helsinki adopted by the
General Assembly of the World Medical Association on the
ethical principles of scientific medical research involving hu-
man subjects (1964, with subsequent additions, including the
2000 version), the European Convention of Human Rights and
Biomedicine (1977), the corresponding provision of the World
Health Organization, the International Council of Medical Scien-
tific Societies, the International Code of Medical Ethics (1983),
the laws of Ukraine, and the order of the Ministry of Health of
Ukraine No. 690 dated by 09/23/2009. Conducting of this study
was agreed and approved by the Commission on Bioethical
Expertise and Ethics of Scientific Research at the Bogomolets
National Medical University.

Women (88 people, 88 eyes) aged 72.0 £ 10.1 years were
included in the study.

The criteria for including patients in the study were as follows:
women in the postmenopausal period; presence of confirmed
age-related macular degeneration, dry form (main group) or its
absence (control group); presence of confirmed decrease in
vitamin D level.

All patients evaluated in the study were divided into the fol-
lowing groups: group | — 20 patients (20 eyes) without age-related
macular degeneration in both eyes (control group). We used
data obtained from control group patients to establish reference
values; group Il - 68 patients (68 eyes) with age-related macular
degeneration, dry form (study group).

Similarly to patients in the study group, patients in the control
group also had vitamin D deficiency and insufficiency in the blood.

Depending on the chosen approach to patient care, individu-
als with age-related macular degeneration, dry form (study group),
were divided into the following groups:

— AREDS-2 group — 34 patients (34 eyes) diagnosed with
age-related macular degeneration, dry form, underwent treatment
with medications following the AREDS-2 formula. The treatment
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Fig. 1. Changes in visual functions among patients with age-related macular degeneration, dry form, during treatment (X £ 0). *: p > 0.05
when comparing groups; **: p < 0.05 when comparing before / after within the group.

regimen involved taking 1 capsule twice daily for 2 months, with
a 3-month interval between courses. This cycle was repeated
three times a year;

— AREDS-2 and vitamin D group — 34 patients (34 eyes)
diagnosed with age-related macular degeneration, dry form,
received a combination of AREDS-2 drugs and vitamin D sup-
plements for treatment purposes. Additionally, to the traditional
therapy with AREDS-2 drugs, these patients were also prescribed
vitamin D supplements at a dosage of 6000-8000 IU per day for
2 months, with a 3-month interval between courses of treatment.
This regimen was maintained until optimal levels of vitamin D in
the blood were achieved.

To present the research findings, descriptive statistical
methods were used. Quantitative variables taken from the
electronic primary database are presented as mean values
with standard deviations. The Student’s t-test was applied for
normally distributed quantitative variables, while non-parametric
tests were used for data that did not follow a normal distribution.
Specifically, the Mann-Whitney U test assessed the significance
of differences between means in independent populations.
Also, routine indicators of visibility were used to compare the
indicators obtained in different observation groups (to compare
indicators in dynamics — growth / decrease rates). For analysing
time-based changes in related samples, one-factor ANOVA was
used for normally distributed data, and the Wilcoxon signed-rank
test for non-normal distributions. Correlation analysis methods
included Pearson’s linear correlation coefficient for normal
distributions and Spearman’s rank correlation coefficient for
non-normal distributions to determine relationships between
quantitative indicators. Statistical significance was evaluated ata
threshold of no more than 5 % (p < 0.05). Statistical processing
of primary data was conducted using MedStat V5.2 and EZR
(R-Statistics) software packages.

Results

Following treatment, the visual acuity of women who received
medication according to the AREDS-2 formula was measured
at 0.20 + 0.06 (Fig. 1). Conversely, the visual acuity of women
from the AREDS-2 and vitamin D group was recorded at a level
0f0.19 £ 0.08 (Fig. 1).

Contrast sensitivity indicators after the course of treatment
were 1.01 £ 0.10 and 1.00 £ 0.09, respectively (Fig. 1).

It can be observed from the data that the visual acuity indica-
tors within the specified research groups showed minor variances,
remaining relatively stable compared to the baseline (p < 0.05).

There was a decrease of 7.56 % in visual acuity among wo-
men who only took AREDS-2 drugs, and a decrease of 6.78 % in
the group additionally prescribed with vitamin D drugs. However,
no significant differences in the deterioration of visual acuity were
noted when comparing the groups (p > 0.05) (Fig. 1).

Following the treatment, the logarithmic contrast sensitivity
indicators exhibited a slight decline in both groups, although a
more pronounced decrease was noted among women in the
AREDS-2 group.

Specifically, contrast sensitivity decreased by 2.80 % among
women from the AREDS-2 group, whereas in those who also
received vitamin D medications, the decrease was only 2.25 %.
Nevertheless, upon comparing the groups, these differences did
not reach statistical significance (p > 0.05) (Fig. 1).

Upon analyzing the results of the dynamic observation two
months after initiating treatment, no significant changes were ob-
served in visual acuity and contrast sensitivity indicators (p > 0.05)
both within the groups and between them (p > 0.05) (Table 1).

However, starting from the fifth month of the study, a notable
decline in visual acuity was noted among women who solely
received AREDS-2 drugs (p < 0.05), whereas women who
were additionally administered vitamin D preparations did not

192

Modern medical technology. Volume 16. No. 3, July - September 2024

ISSN 2072-9367



OpwuriHanbHi pochipkeHHs / Original research

Table 1. Observation of visual functions over time in patients with age-related macular degeneration, dry form, during treatment, X + ¢

Parameter, units of Examination terms AREDS-2 group AREDS-2 Level of difference
measurement + vitamin D group between groups, p
Visual acuity In 2 months 0.19+0.06 0.18+£0.07 >0.05
In 5 months 0.19+0.06 0.18£0.09 >0.05
After 12 months 0.20 + 0.06 0.19+0.08 >0.05
Level of difference between groups, p <0.05 <0.05
(2 months — 12 months)
Contrast sensitivity In 2 months 1.03£0.10 1.02 £0.09 >0.05
In 5 months 1.02+0.10 1.0210.10 >0.05
After 12 months 1.01£0.10 1.00 £ 0.09 >0.05
Level of difference between groups, p <0.05 <0.05
(2 months — 12 months)
2 12 1.092* 1.083%
’ 1.000* 0.985*
10 W AREDS-2 T T
' 7 AREDS-2 + vitamin D 7/
0.8 %
0.214* 0.217* /
02 - 0.-1r38 % 0.1.|1_2* /
y _ _
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\
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Deficiency Insufficiency  Deficiency Insufficiency

J J

Y

Visual acuity

Y
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Fig. 2. Comparison of visual acuity and logarithmic contrast sensitivity indicators among patient groups with varying levels of vitamin
25(0H)D supply, during treatment (X * o). *: p > 0.05 when comparing groups.

experience alterations in visual acuity. Moreover, no significant
alterations were observed in contrast sensitivity indicators, both
between groups and within the groups (p > 0.05) (Table 1).

Upon examination conducted 12 months after initiating treat-
ment for age-related macular degeneration using the conventional
regimen and with the incorporation of vitamin D supplements, it
was observed that the progression of visual acuity and contrast
sensitivity decline was slightly more pronounced among women
receiving only traditional therapy (Table 1).

Upon comparing the visual acuity levels among groups of
patients with varying levels of vitamin 25(OH)D, it was observed
that in women receiving only traditional treatment, those with
vitamin D deficiency exhibited lower acuity compared to those
with insufficiency (p < 0.05) (Fig. 2).

Among women prescribed AREDS-2 formula drugs, maxi-
mum corrected visual acuity was 0.21 + 0.05 for those with

vitamin D deficiency, slightly higher (at 0.14 £ 0.03) for those
with insufficiency. A similar trend was noted among women who
supplemented with additional vitamin D medications: 0.28 £ 0.06
and 0.11 £ 0.06 respectively.

Comparing the groups based on their vitamin D levels, it was
observed that visual acuity was lower among individuals with a
deficiency compared to those with insufficiency (Fig. 2).

When examining logarithmic contrast sensitivity indicators
among patient groups with varying levels of vitamin 25(0OH)D
supply, we observed differences. In the group receiving vitamin
D medications alongside traditional therapy, contrast sensitivity
was higher in patients with vitamin D insufficiency (1.08 + 0.06)
compared to those with deficiency (0.99 £ 0.09, p < 0.05).

This trend was similarly observed in the group undergoing
only traditional therapy (1.09 £ 0.07 and 1.00 £ 0.09, respectively,
p <0.05) (Fig. 2).
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However, comparing the vitamin D levels between the groups
revealed similar levels of contrast sensitivity.

Discussion

Age-related macular degeneration stands as a significant
retinal ailment impacting millions of individuals globally. Its preva-
lence is on a steady rise, currently reaching 8.7 %. Predictions
suggest that by 2040, AMD could afflict up to 288 million people
[18].

In the United States, AMD holds a prominent position among
the leading causes of blindness, trailing only glaucoma and cata-
racts [19]. The annual economic toll resulting from AMD-induced
vision loss is estimated at $4.6 billion solely for medical expenses
in the US [20].

AMD profoundly impacts quality of life, complicating tasks
like reading, using electronic devices, driving, and recognizing
familiar faces, potentially leading to depression [20].

In the prospective multicenter randomized clinical trial AREDS
(Age-Related Eye Disease Study), it was revealed that over 10 %
of individuals aged 65-74 exhibit symptoms and signs of AMD
[6]. This figure escalates to 25 % among those over 75 years
old and surpasses 30 % among individuals over 85 years old.

The dry form of AMD constitutes 85-90 % of all AMD cases
globally. However, approximately 80 % of vision loss is due to
the wet form of AMD [21]. Measures that correct pathogenetic
changes and slow down the transition of the dry form to the wet
form are relevant.

Regrettably, there is a lack of current data regarding the
prevalence and incidence of AMD in Ukraine. The most recent
official statistics, dating back to 2017 and published on the Ministry
of Public Health website, focus on retinal diseases. According
to these figures, approximately 1.5 million adults are afflicted
with ocular and appendage disorders, with around 30 % of them
grappling with retinal ailments [22].

The war in Ukraine has caused serious disruptions in the
country’s healthcare system, making it difficult for the population
to access proper medical care, including ophthalmological care.
This can lead to delays in the diagnosis and treatment of AMD,
potentially exacerbating its course and increasing the risk of
vision loss.

Certain scientific research has established a correlation
between vitamin D levels and its protective role against various
eye conditions, including refractive errors, diabetic retinopathy,
dry eye syndrome, and choroidal inflammation [23]. Nonetheless,
the precise mechanism by which vitamin D levels influence the
pathogenesis and progression of AMD is still under investigation.

Scientific literature suggests that receptors for vitamin D are
distributed across more than 38 tissues in the body. Vitamin D
plays a crucial role in regulating essential genes associated with
bone metabolism, oxidative stress, chronic ailments, and inflam-
mation [24]. It is also known to affect angiogenesis, reducing its
manifestations [25,26].

Receptors for vitamin D are also identified in the retina,
particularly in the pigment epithelium and choroid, hinting at
the potential involvement of this vitamin in retinal disorders
[25]. Thus, we can assume the possibility of a negative effect

of reduced vitamin D level on the retina, limiting its potential
protective functions.

In 2007, findings from the third National Health and Nutrition
Examination Survey (NHANES Ill) revealed a potential protective
link between vitamin D levels and AMD [27]. Since then, scientists
from all over the world have conducted a number of studies, but
the results are of the opposite nature [28,29,30].

Experimental research has focused on exploring the impact
of vitamin D metabolites on AMD. In 2016, findings were released
indicating a notable inverse association between vitamin D levels
and advanced stages of AMD [31].

The significance of diet in AMD was initially highlighted in the
outcomes of the National Health and Nutrition Examination Survey
(NHANES) conducted in 1988 [32]. This study identified that a
diet rich in vitamin A from vegetables and fruits was correlated
with a reduced risk of AMD.

Subsequent research has confirmed the significance of
dietary factors, prompting clinical trials to assess the impact of
specific antioxidant vitamins, omega-3 fatty acids, and minerals
such as zinc and copper in AMD management [27,29]. To conduct
research in this area, the AREDS was established. Initial clinical
investigations from AREDS (AREDS-1) revealed that the admi-
nistration of a compound containing beta-carotene, vitamins C, E,
and zinc decelerates AMD progression, particularly its advanced
wet form [33].

Further advancements in nutritional supplements for AMD
emerged with the formulation of AREDS-2, comprising 500 mg
of vitamin C, 400 IU of vitamin E, 10 mg of lutein, 2 mg of zea-
xanthin, 80 mg of zinc as zinc oxide, and 2 mg of copper as
copper oxide [33].

Currently, there exists no unanimous consensus on the
impact of vitamin D supplements in preventing or slowing down
the progression of AMD. The majority of studies are experimental
in nature, and clinical findings present varying perspectives on
this matter.

Thus, there are currently no unified methods for the primary
or secondary prevention of AMD by correcting vitamin D levels,
despite the high prevalence of vitamin D deficiency or insufficiency
in the general population, especially among people over 65 years
of age and postmenopausal women [15,16].

Conclusions

1. Following 12 months of treatment, the AREDS-2 + vitamin
D group showed a likely twofold increase in 25(0OH)D levels
among patients with age-related macular degeneration, dry
form (p < 0.05). Visual acuity, however, experienced a decline of
7.56 % (from 0.19 £ 0.06 to 0.20 £ 0.06) in individuals receiving
only AREDS-2 drugs, and 6.78 % (from 0.18 £ 0.07 t0 0.19 £ 0.08)
in those additionally prescribed vitamin D preparations, although
without statistical significance (p > 0.05). Contrast sensitivity
exhibited a minor downward trend in both groups post-treatment,
with a decrease of 2.80 % in the AREDS-2 group and 2.25 % in
the group receiving vitamin D supplements (p > 0.05).

2. The use of vitamin D preparations slows down the progres-
sion of contrast sensitivity, which can be used in the treatment
and prevention of age-related macular degeneration.
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Prospects for further research. The studies should aim to
establish definitive evidence on the effectiveness of vitamin D
supplementation in improving or maintaining visual functions in
AMD patients.
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