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Background: The contribution of cataract to the total prevalence of eye disease in 
Ukraine increased from 14.7% in 2001 to 15.9% in 2011. Studies have shown that 15% 
to 76% of eyes with glaucoma have cataract. In addition, cataract associated with 
myopia is 45-fold more frequent than cataract associated with other refractive errors. 
Blood 25-hydroxycalciferol is a biologically active substance that reflects vitamin D 
levels in man. Vitamin D is a general term used to denote vitamin D2 (also called 
ergocalciferol) and vitamin D3 (also called cholecalciferol). 25-hydroxycalciferol 
plays a key role in the preservation of the structure of the connective tissue, regulation 
of inflammatory processes, and energy exchange in the body, but its role in patients 
with cataract only, cataract plus glaucoma or cataract plus high myopia, however, has 
been poorly studied.
Purpose: To assess preoperative serum 25-hydroxycalciferol levels in Kherson-region 
patients with cataract only, cataract plus primary open-angle glaucoma (POAG) or 
cataract plus high myopia.
Material and Methods: Immediately before they underwent cataract surgery during 
November 2017 to April 2018, 128 Kherson-region patients underwent assessment 
of their serum 25-hydroxycalciferol levels. Patients were divided into three disease 
groups depending on the presence of POAG or high myopia: group 1 (controls; 
cataract only; n = 38), group 2 (cataract plus POAG; n = 36) and group 3 (cataract 
plus high myopia; n = 54). Age groups and men and women within disease groups 
were assessed separately for serum 25-hydroxycalciferol levels. Serum samples were 
analyzed for 25-hydroxycalciferol using enzyme immunoassay (IDS, Germany).
Results: Patients of all disease groups showed substantial deficiency in serum 
25-hydroxycalciferol levels compared to a norm of 30 ng/ml or more. In each disease 
group, women showed lower serum 25-hydroxycalciferol levels than men, and the 
difference was significant for groups with cataract plus myopia (Р = 0.04) and cataract 
plus glaucoma (Р = 0.006), but not for the cataract-only group.
Conclusion: We found low serum 25-hydroxycalciferol levels in all patients with age-
related cataract, especially in those with concomitant high myopia or POAG. The study 
patients older than 75 years showed severely deficient serum 25-hydroxycalciferol 
levels, with no significant difference among study groups.
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Introduction
The contribution of cataract to the total prevalence of 

eye disease in Ukraine increased from 14.7% in 2001 to 
15.9% in 2011 [1]. Studies have shown that 15 % to 76 
% of eyes with glaucoma have cataract [2]. In addition, 
the association of cataract with myopia is 45-fold more 
frequent than that of cataract with other refractive errors 
[3-5].

There is much in common between the pathogenesis 
of glaucoma and myopia, and the role of genetic 
factors, metabolic and degenerative impairments in the 

development of either disease have been demonstrated [6-
9]; this should be taken in account while approaching the 
surgical rehabilitation of a case of both cataract and one of 
the above eye disorders.

Blood 25-hydroxycalciferol is a biologically active 
substance that reflects vitamin D levels in man. Vitamin 
D is a general term used to denote vitamin D2 (also 
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called ergocholecalciferol) and vitamin D3 (also called 
cholecalciferol) [10]. 

25-hydroxycalciferol plays a key role in the 
preservation of the structure of the connective tissue; 
regulation of inflammatory processes, neuromediator 
synthesis and nerve impulse transfer; and energy 
exchange in the body  [11-13]. However, the role of 
25-hydroxycalciferol in eye disease pathogenesis has been 
poorly studied. Isolated studies have reported the presence 
of vitamin D receptor in the ocular tissue (particularly, 
cells of the corneal endothelium and nonpigmented ciliary 
body epithelium and sclera fibroblasts) [14-16]. Studies 
have demonstrated changes in serum 25-hydroxycalciferol 
in patients with cataract, primary open-angle glaucoma 
(POAG), and myopia, and proposed that it plays a role in 
the pathogenesis of these disorders [13, 15, 17-27]. It is 
known that vitamin D is involved in immunomodulation 
in glaucoma, regulation of the synthesis of neurotrophic 
factors in the central nervous system, and regulation 
of oxidative stress in neurons through the activation of 
calcium channels [13, 18,19, 28, 29].

Up to date, the role of serum 25-hydroxycalciferol level 
in patients with cataract, however, has been poorly studied. 
In addition, assessment of serum 25-hydroxycalciferol 
levels in patients with both cataract and a common eye 
disease (POAG or myopia) is of scientific interest. These 
issues require detailed research and are dealt with in the 
current study.

The purpose of this study was to assess preoperative 
serum 25-hydroxycalciferol levels in Kherson-region 
patients with cataract only, cataract plus POAG or cataract 
plus high myopia.

Material and Methods
Immediately before they underwent cataract surgery 

during November 2017 to April 2018, 128 Kherson-
region patients underwent assessment of their serum 
25-hydroxycalciferol levels. The period from late autumn 
to early spring (November to April) was selected to 
exclude the period of high insolation and obtain true values 
for serum 25-hydroxycalciferol levels in study patients. 
Patients were divided into three groups depending on the 
presence of POAG or high myopia: group 1 (controls; 
cataract only; n = 38), group 2 (cataract plus POAG; n = 
36) and group 3 (cataract plus high myopia; n = 54).

The presence of a spherical refractive error of at 
least 6.0 D and/or an eye of an axial length exceeding 24 
mm was the criterion for inclusion in the group of high 
myopia. The presence of glaucoma compensated with 
topical hypotensive therapy was the criterion for inclusion 
in the group of POAG. Exclusion criteria were: terminal 
glaucoma, severe concomitant eye disease (retinal 
degenerative disease, uveitis, optic nerve atrophy, etc.), 
pseudoexfoliation syndrome, somatic disease (diabetes 
mellitus, bronchial asthma, autoimmune or rheumatoid 
disease, and cancer). The absence of these diseases was 
confirmed by somatic, somatic status assessment, and 
review of documentation in the medical record. Patients 

receiving dietary supplements containing calcium, 
25-hydroxycalciferol and/or other pharmaceuticals for 
osteoporosis were also excluded.

Study patients underwent a routine eye examination 
(visual acuity assessment, perimetry, biometry, tonometry, 
biomicroscopy, ophthalmoscopy, echobiometry, and 
keratorefractometry). Age groups and men and women 
within disease groups were assessed separately for serum 
25-hydroxycalciferol levels. Three age groups were 
formed for analysis of serum 25-hydroxycalciferol levels 
based on the WHO classification: age group 1, patients 
younger than 60 years; age group 2, patients of 61 to 74 
years; and age group 3, patients older than 75 years.

The study followed the ethical standards stated in 
the Declaration of Helsinki, the European Convention 
on Human Rights and Biomedicine and relevant laws 
of Ukraine. Informed consent was obtained from all 
study subjects. The study protocol was approved by the 
Ethics Committee of Zaporizhzhia Medical Academy of 
Post-Graduate Education, Ministry of Health of Ukraine 
(Extract of the Minutes of the Committee No.10 of 
December 17, 2020).

 An overnight venous blood sample (10 mL) was 
obtained from an antecubital forearm vein into the 
vacutainer tube containing EDTA. Immediately thereafter, 
the sample was centrifuged, and the serum was separated, 
transferred to an Eppendorf tube, and frozen at -20º С 
until further analysis. Serum samples were analyzed for 
25-hydroxycalciferol using enzyme immunoassay (IDS, 
Germany).

Serum vitamin D levels were classified as adequate 
(>30 ng/ml), insufficient (20 to 30 ng/ml), moderate 
deficient (10 to 20 ng/ml) or severe deficient (<10 ng/ml).

Statistical analyses were conducted using Statistica 
10.0 (StatSoft, Tulsa, OK, USA) software. The Shapiro–
Wilk test was used to test normality. The Mann-Whitney 
test was further used to compare two series of data, and 
Kruskal–Wallis test, to compare more than two series 
of data. Spearman correlation was used to assess the 
relationship between variational series. The level of 
significance p < 0.05 was assumed.

Results
We assessed serum 25-hydroxycalciferol levels for 

cataract-only, cataract plus POAG and cataract plus high 
myopia groups.

Table 1 presents age and gender distribution among 
study subjects for these three groups.

Table 2 presents mean serum 25-hydroxycalciferol 
levels for cataract-only, cataract plus POAG and cataract 
plus high myopia groups. 

Patients of all the groups showed substantial deficiency 
in serum 25-hydroxycalciferol levels compared to a norm 
of 30 ng/ml or more. In each group, women showed lower 
serum 25-hydroxycalciferol levels than men, and the 
difference was significant for groups with cataract plus 
myopia (Р=0.04) and cataract plus glaucoma (Р=0.006), 
but not for the cataract-only group.
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Changes in serum 25-hydroxycalciferol levels with 
gender and age in patients with myopia and glaucoma 
are presented in Table 3. In each group, patients older 
than 75 years showed statistically significantly lower 
serum 25-hydroxycalciferol levels than the norm; in 
addition, serum 25-hydroxycalciferol level was negatively 
correlated with age (Fig. 1).

Discussion
The role of vitamin D in cardiovascular diseases 

[25, 29] and ocular disorders like age-related macular 
degeneration [30], diabetic retinopathy [31], dry eye, etc. 
[15, 16, 21, 22, 24, 26, 27, 32] has been demonstrated. 
There have been controversial reports with regard to 
serum 25–hydroxyl vitamin D deficiency and age–related 
cataract [32]. Abdellah and colleagues [20] studied the 
relation between the serum 25-hydroxyl vitamin D (OH 
D) level and the occurrence of age-related cataract in a 
Egyptian case-control study. They found that 25-OH D 
levels in all enrolled individuals were below the reference 
levels with a severe deficiency in cataract patients. The 
current study enrolled the patients aged 40 to 90 years who 
were free from the diseases that could affect serum  25–
hydroxyl vitamin D levels and did not receive vitamin D 
supplementation.

We found marked 25-hydroxycalciferol deficiency in 
Kherson-region patients with cataract only, with a mean 
serum 25-hydroxycalciferol level of 12.1±5.6 ng/ml, which 
was higher than in a study by Abdellah and colleagues [20] 
(7.6 ± 5.5 ng/ml) and lower than in a study by Min–Chul 
and colleagues [34] (15.6 ng/ml).

Vitamin D deficiency is a common issue, and low 
serum 25-hydroxycalciferol levels have been reported by 
numerous studies [14, 35, 36]. Although Kherson region is 
in the southern part of Ukraine, where the annual number 
of sunny days is higher than in the Northern Ukraine, the 
level of insolation in the region is not sufficient to produce 
enough vitamin D for the body, which may be partially 
explained by the fact that older individuals spend little 
time outdoors. We found that women had lower serum 
25-hydroxycalciferol level than men, and this difference 
was significant (р≤0.05) for groups with cataract plus 
myopia (Р=0.04) and cataract plus glaucoma (Р=0.006), 
but not for the cataract-only group. Findings from 
previous studies are inconsistent with regard to gender 
difference in serum 25-hydroxycalciferol levels. Most 
studies [14, 16, 37] noted that women had lower serum 
25-hydroxycalciferol levels than men, but some studies 
found 25-hydroxycalciferol levels in the serum [25] and 
aqueous [34] to be higher in women than men.  

Because we found a gender difference in serum 
25-hydroxycalciferol levels, we studied changes in 
25-hydroxycalciferol levels with age and gender for 
patients with cataract plus POAG and patients with cataract 
plus high myopia. There was a significant difference 
in serum 25-hydroxycalciferol level between patients 
younger than 60 years and those older than 75 years for 

each study group. In addition, serum 25-hydroxycalciferol 
levels were lower in women than in men for patients with 
cataract plus POAG and those with cataract plus high 
myopia.

It should be noted that there was a statistically significant 
difference (р=0.04) in serum 25-hydroxycalciferol level 
between the controls (patients with cataract only) aged 
below 60 years (28.5±6.4 ng/mL) and their peers with 
cataract plus high myopia (14.1±4.3 ng/mL) and cataract 
plus POAG (17.8±3.8 ng/mL), but not between the controls 
aged above 75 years (8.0±5.9 ng/mL) and their peers with 
cataract plus high myopia (8.7±4.5 ng/mL) and cataract 
plus POAG (7.6±3.0 ng/mL). Serum 25-hydroxycalciferol 
levels were significantly negatively correlated with age for 
patients with cataract only (r = -0.51, р = 0.001) and those 
with cataract plus POAG (r = -0.37, р = 0.03). A study 
by Abdellah and colleagues (2019) [20] but not studies by 
Cho and colleagues (2020) [34] and Rao and colleagues 
(2015) [16] also found serum 25-hydroxycalciferol levels 
to be correlated with age for patients with cataract.

Of note, in the current study, serum 25-hydroxycalciferol 
levels were not significantly negatively correlated with age 
for patients with cataract plus myopia (r = -0.25, р = 0.06), 
which is likely to be at least partially explained by low 
serum 25-hydroxycalciferol levels in patients with cataract 
plus myopia for all age groups.

Others have reported on associations of serum 
25-hydroxycalciferol levels with the axial length of the eye 
and the risk of developing myopia in children. In addition, 
an association has been found between the time spent 
outdoors and myopia progression [15, 16, 36, 38, 40]. 
However, the relationship of serum 25-hydroxycalciferol 
levels and the onset of cataract in patients with high 
myopia has been poorly investigated.

In the current study, of note, low serum 
25-hydroxycalciferol levels were found not only in patients 
with high myopia, but also in those with glaucoma, and 
the amount of difference between groups was especially 
notable for patients younger than 60 years.

Studies have reported on lower serum 
25-hydroxycalciferol levels in patients with POAG 
compared to healthy individuals [39]. Particularly, serum 
vitamin D status was associated with the presence of 
POAG for populations from France, China and Africa [24, 
26, 39-42.

In the current study, we found lower serum 
25-hydroxycalciferol levels (9.9 ± 7.1 ng/mL)  in patients 
with cataract plus POAG compared to patients with 
cataract only (12.1 ± 5.6 ng/mL).

Therefore, we found low serum 25-hydroxycalciferol 
levels in all patients with age-related cataract, especially in 
those with concomitant high myopia or POAG. Studying 
serum 25-hydroxycalciferol levels in patients with 
cataract and concomitant high myopia or POAG makes 
the fundamental difference between our study and most 
studies by others who mainly assessed associations of 
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serum 25-hydroxycalciferol levels with types of cataract 
(cortical, nuclear, and posterior subcapsular cataract).

The current study is limited by a small cohort and 
absence of distribution of patients depending on the type 
of cataract or the time spent outdoors. In spite of these 
limitations, our study identified an issue of very low serum 
25-hydroxycalciferol levels in all patients with cataract, 
and a concomitant POAG or high myopia as an additional 
factor for low extremely low serum 25-hydroxycalciferol 
levels. Studies of serum 25-hydroxycalciferol levels in 
patients POAG or high myopia will be useful and improve 
our understanding of disease mechanisms, because in the 
human body, 25-hydroxycalciferol plays a role not only 
in the regulation of phosphorus and calcium metabolism, 
but also in the regulation of atherosclerosis, development 
of autoimmune abnormalities, and synthesis of cytokines, 
matrix metalloproteinases, and collagen.

In conclusion, first, in all the examined Kherson-
region patients with cataract, preoperative serum 
25-hydroxycalciferol levels were substantially lower 
than reference values, with the levels for the patients 
with cataract only being deficient (i.e., 10 to 20 ng/
ml), and those for the patients with cataract plus POAG 
or cataract plus high myopia being severely deficient. 
Second, among the patients younger than 60 years, those 
with cataract plus high myopia had the lowest mean serum 
25-hydroxycalciferol level (14.1±4.3 ng/ml). Finally, 
all study patients older than 75 years showed severely 
deficient serum 25-hydroxycalciferol levels, with no 
significant difference among study groups.
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Parameter
Cataract only 

(1)
n=38

Cataract plus glaucoma 
(2)

n=36

Cataract plus myopia 
(3)

n=54

Age (years)
M±m
Me
Р

70.7±9.7
73.5 (42-82)

75.0±6.4
75 (56-85)

0.55*1-2

70.2±10.8
71 (46-90)

0.65*1-3

Age groups
≤ 60 years

61-74 years
≥75 years

5 (13.1%)
16 (42.2%)
17 (44.7%)

5 (13.8%)
14 (38.8%)
17 (47.2%)

5 (9.2%)
28 (51.9%)
21 (38.9%)

Gender Men %
Women %

10 (26.3%)
28 (73.6%)

17 (47.2%)
19 (52.7%)

19 (35.1%)
35 (64.8%)

Note: *, significance of difference was evaluated by Mann-Whitney test

Group Characteristic Total Men Women p

Cataract only

M±m
Ме

min-maх
n

12.1±5.6
9.7

1.4-36.6
38

12.6±4.8
11,1

1.4-31.1
10

11.9±6.4
9

2.7-36.6
28

≥0.05

Cataract plus 
myopia

M±m
Ме

min-maх
n

9.8±5.1
9.0

0.5-19.2
54

12.1±5.1
12

2.0-19
19

8.6±4.8
8,7

0.5-17.1
35

0.04

Cataract plus 
glaucoma

M±m
Ме

min-maх
n

9.9±3.9
9.2

0.3-23.1
36

13.0±3.1
13

1.4-23.0
17

7.1±2.8
5,0

0.3-21.1
19

0.006

Table 1. Age and gender characteristics of patients

Table 2. Serum 25-hydroxycalciferol levels (ng/ml) for study patients

Note: Significance of difference between men and women was evaluated by Kruskal–Wallis test  
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Table 3. Serum 25-hydroxycalciferol levels for various age groups of patients with cataract only, cataract plus myopia and cataract plus 
glaucoma  

Pathology group
Age group (years)

≤ 60 years
(1)

61-74 years
(2)

75-90 years
(3)

Cataract only

Total 28.5±6.4 11.3±7.7
р=0.008

8.0±5.9
р=0.003

Men 26.1±6.08 14.2±2.6
р=0.05

6.4±2.0
р=0.04

Women
30.1±6.9

Р1=0.4

10.6±6.4
р=0.03
р1=0.3

8.8±6.5
р=0.04
р1=0.7

Cataract plus myopia

Total 14.1±4.3
р2=0.02

9.9±5.1
р=0.08

8.7±4.5
р=0.03

Men 17.71±0.08
р2=0.02

13.6±4.8
р=0.4

8.9±4.1
р=0.03

Women
11.6±3.6
р1=0.05
р2=0.02

8.1±2.4
р=0.03
р1=0.03

8.7±2.9
р=0.04
р1=0.7

Cataract plus glaucoma

Total 17.8±3.8
р2=0.08

10.9±5.8
р=0.09

7.6±3.0
р=0.04

Men 17.8±3.8
р2=0.05

13.4±4.4
р=0.2

10.2±4.6
р=0.04

Women
17.7±3.2
р1=0.09
р2=0.05

8.4±4.3
р=0.04
р1=0.03

6.1±3.6
р=0.04
р1=0.07

Note: *, significant difference based on Kruskal–Wallis test; p, significance of difference compared to patients of 60 years 
or younger; p1, significance of difference compared to men;  p2, significance of difference compared to patients with 
cataract only
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Fig. 1. Spearman correlation between age and serum 25-hydroxycalciferol levels for patients with cataract plus 
myopia and those with cataract plus glaucoma  

Scatterplot of age against D3; categorized by groupe
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