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Summary

Background: Emerging evidence suggests that vitamin D
may play a crucial role in the development of diabetic
retinopathy (DR). However, the extent of vitamin D defi-
ciency in individuals with DR remains uncertain. This study
aimed to evaluate serum vitamin D levels in adults with DR.
Methods: A literature was retrieved using the Embase,
PubMed and Cochrane databases to identify observational
studies that evaluated the levels of 25(OH)Ds,
1,25(0H),D3 or total 25(OH)D in the serum of patients
with DR. A total of 31 independent studies were included
for meta-analysis.

Results: The pooled mean concentration of total 25(OH)D
among individuals with diabetes was 16.04 ng/mL (95%
Cl: 15.13-16.96; 12 = 98.8%), while the mean serum level
of 25(OH)Ds in those with DR was 10.68 ng/mL (95% Cl:
5.94-15.41; 12 = 99.5%), both significantly below the nor-
mal reference range. The average concentration of
1,25(0OH),D5 was 31.14 pg/mL (95% Cl: 24.35-37.94; I?
= 98.8%).

Conclusions: The evidence from this meta-analysis indi-
cates an association between vitamin D deficiency and an
increased risk of DR.
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Kratak sadrzaj

Uvod: Novi dokazi ukazuju na to da vitamin D moZe igrati
klju¢nu ulogu u razvoju dijabeti¢ke retinopatije (DR).
Medutim, stepen nedostatka vitamina D kod osoba sa DR
ostaje neizvestan. Cilj ove studije bio je da se procene nivoi
vitamina D u serumu kod odraslih sa DR.

Metode: Prikupljena je literatura kori§¢enjem baza podata-
ka Embase, PubMed i Cochrane kako bi se identifikovale
opservacione studije koje su procenjivale nivoe 25(0OH)D5,
1,25(0H),Ds3 ili ukupnog 25(OH)D u serumu pacijenata sa
DR. Ukupno 31 nezavisna studija je uklju¢ena u meta-ana-
lizu.

Rezultati: Zbirna prose¢na koncentracija ukupnog 25(0OH)D
kod osoba sa dijabetesom bila je 16,04 ng/mL (95% ClI:
15,13-16,96; 12 = 98,8%), dok je prose¢an nivo 25(0OH)D5
u serumu kod osoba sa DR bio 10,68 ng/mL (95% ClI:
5,94-15,41; 12 = 99,5%), oba znacajno ispod normalnog
referentnog opsega. Prose¢na koncentracija 1,25(0OH),Ds
bila je 31,14 pg/mL (95% Cl: 24,35-37,94; 1> = 98,8%).
Zakljuéak: Dokazi iz ove meta-analize ukazuju na vezu
izmedu nedostatka vitamina D i povecanog rizika od DR.

Kljuéne reéi: dijabeti¢ka retinopatija, vitamin D, 25-hi-
droksivitamin D3, 1,25-dihidroksivitamin D3, meta-analiza
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Introduction

DR stands as the most common ocular prob-
lems globally and serves as the predominant factor
contributing to sight loss among people afflicted with
diabetes (1). Statistical data indicate that roughly a
third of the world’s populace diagnosed with diabetes
will experience DR (2). The etiology of DR is multifac-
torial, encompassing long-term hyperglycemia, oxida-
tive stress, inflammatory response, vascular endothe-
lial dysfunction and other links (3). Vitamin D, a
crucial lipid-soluble vitamin and steroid hormone, is
vital for regulating calcium and phosphorus metabo-
lism and modulating immune responses in the body
(4). In recent years, a growing collection of studies
has centered on the influence of vitamin D in the
growth and spread of DR. Research indicates that
individuals with DR frequently display diminished
amounts of vitamin D, implying that a decrease in
vitamin D could potentially accelerate the advance-
ment of DR (5). Vitamin D is stored in the body pri-
marily as 25(OH)Ds3. This form undergoes a two-step
hydroxylation (in the liver and kidneys) to become the
physiologically active form, 1,25(0OH),D3z (6). Serum
25(0OH)Ds levels indicate vitamin D nutritional status,
while 1,25(0OH),D3 levels reflect its physiological
activity (7). Studies show that individuals with diabetic
retinopathy (DR) have significantly lower serum levels
of both 25(0OH)D; and 1,25(0OH),Dz compared to
diabetic controls without DR (8, 9). Furthermore, vita-
min D levels are inversely correlated with the severity
of DR (10).

The findings from various studies exhibited a
lack of complete consistency; for instance, specific
studies did not identify an observable and meaningful
disparity in vitamin D concentrations among the DR
and untreated cohorts (11). Considering the hetero-
geneity and limitations of the available evidence, it is
necessary to undertake a comprehensive review and
quantitative assessment of pertinent studies. In this
study, we systematically searched domestic and for-
eign databases by comprehensive evaluation, and
encompassed cohort or case-control investigations
that assessed serum 25(OH)Ds, 1,25(0OH),Ds, or
total 25-hydroxyvitamin D concentrations among
individuals with DR, quantitatively synthesized the
existing evidence, and evaluated the overall vitamin D
levels of DR patients, in order to provide reference for
clinical practice. At the same time, the heterogeneity
and publication bias of the included studies were also
assessed to judge the reliability of the results.

Materials and Methods
Methodology for searching literature

A comprehensive investigation was undertaken
utilizing the Cochrane Library, PubMed, and Embase
records, covering the period from the start up to
September 2024. The search strategy employed

involves the integration of subject headings and free-
text terms, utilizing the primary keywords comprising:
»vitamin D,« »cholecalciferol,« »25-hydroxyvitamin
D,« »1,25-dihydroxyvitamin D,« »diabetic retinopa-
thy,« and »diabetes complications«. References to
included studies were also retrospectively used to sup-
plement missing studies.

Criteria for Exclusion and Inclusion

Inclusion criteria: Studies involving human sub-
jects with DR; reporting serum 25(OH)Ds,
1,25(0OH),D3, or Total 25(OH)D levels; diagnosing
DR using the ICO clinical grading system (12);
employing case control, cohort, or, cross-sectional
designs. Exclusion Criteria: Non-original studies
reviews, meetings, case reports ;animal or cell stud-
ies; duplicate publications; studies lacking extractable
key data.

Data extraction and literature assessment

Two scholars conducted an independent exami-
nation of the works in question. The extracted infor-
mation mainly encompassed: name of the initial
writer, the year of release, the field of investigation,
the sex and age of the subjects involved in the
research, the description and grading of diabetes and
DR, the detection method, the average and standard
deviation of serum vitamin D concentrations within
every cohort, along with the modification of con-
founding factors. Two peer reviews meticulously veri-
fied the inclusion outcomes and extracted data,
engaging an additional reviewer to address any dis-
crepancies that arose.

Quality evaluation adoption

The Newcastle-Ottawa Scale evaluates the effi-
cacy of case-control investigations (13). The scale is
scored from three aspects: choice (4 points), compa-
rability (2 points), and exposure (3 points), aggregat-
ing to 9 points. A score of 2 7 is of high quality, 5-6
is of moderate quality, and < 5 is of low quality.

Data Analysis

A thorough evaluation was carried out utilizing
Stata software. The effect size of each study was
assessed through serum 25(0OH)D3, 1,25(0H),Ds3, or
total 25(0OH), utilizing the mean of D levels along
with its 95% Cl. The |2 test was employed to assess
heterogeneity among the investigations, revealing
that an I? value exceeding 50% indicated consider-
able variability. Once the effects were found to be het-
erogeneous (I > 50%), a random effects model was
used. Otherwise, a fixed effect model was used. The
risk of publishing bias of the featured investigations



J Med Biochem 2026; 45 (1)

evaluated visually by funnel plots. To evaluate the
robustness of the findings, a sensitivity analysis was
carried out, which also explored the effect of exclud-
ing one article at a time on the overall risk calculation.
Statistical significance was set at P < 0.05.

Results
Outcomes of the Search

The initial searches revealed a total of 37,793
papers within the Embase, PubMed, and Cochrane
databases, comprising 7,359 from PubMed, 6,620
from Embase, and 23,814 from Cochrane. Following
the removal of 6721 duplicate publications, 31,072
papers were evaluated through their titles and
abstracts, leading to the marginalization of 25,480
distinctly irrelevant works, and 5592 articles under-
went full-text evaluation. In the full-text screening
process, 151 reviews or conference proceedings,
1799 animal experimental studies, 1816 duplicate
cases, 1125 review articles, 565 case reports, and 74
correspondences were excluded. Finally, 62 articles
were included for full-text reading and data extrac-
tion. Upon thorough examination of the complete
text, 31 investigations that failed to satisfy the eligibil-
ity standards or lacked adequate data were subse-
quently excluded, and 31 studies were finally includ-
ed for quantitative synthesis and meta-analysis (Figure
7). 12,227 people with diabetes were included in all
included studies. Among them, 5256 males and
5887 females were explicitly reported, and the rest of
the studies did not report gender composition. The
included studies were geographically wide, including
China, India, the Middle East, Europe, and the United
States (Table 1) 14-44.

Quality evaluation

The NOS score of the investigations included in
this analysis varied between 5 and 7, suggesting that
the general standard of these investigations was con-
sidered satisfactory.

The meta-analysis of serum 25 (OH) D3 level

This review synthesized four independent stud-
ies to examine the serum 25(0OH)Ds levels in persons
experiencing DR. Given the clear variability in the
results (12=99.5%, P=0.000), a random-effects
model was utilized for the combined evaluation. The
mean of 25(OH)Dz in the four studies was 10.68
ng/mL (95% Cl: 5.94-15.41) after pooling. The par-
ticular outcomes are illustrated in Figure 2. To gauge
the impact of particular investigations on the out-
comes of the systematic review, we further performed
sensitivity analyses. The consistency of the compre-
hensive meta-analysis findings can be assessed by

sequentially excluding individual studies and compar-
ing the alterations in pooled effects and their confi-
dence intervals before and after each exclusion.
Sensitivity analysis showed that there were no obvious
changes in the pooled mean value as a result of the
exclusion of any other single study.

The meta-analysis of serum 1,25(0H),D 3

This study incorporated five independent inves-
tigations, and Figure 3 illustrates the outcomes of a
random-effects meta-analysis of serum 1,25(0OH),Dz
amounts in persons experiencing DR. The results
exhibited considerable variability (1°=98.8%,
P<0.001). The combined 1,25(0OH),D3 mean of the
five studies was 31.14 pg/mL (95% Cl: 24.35-
37.94). The specific results are shown in Figure 3. We
undertook sensitivity evaluations to assess the influ-
ence of particular investigations on the aggregate
effect size of 1,25(0OH),D3 levels. The robustness of
the results was investigated by excluding the included
studies one by one and observing changes in the
meta-analysis, projections of effect size. Sensitivity
analysis showed that there were no obvious changes
in the pooled mean value as a result of the exclusion
of any other single study.

The meta-analysis of Serum Total 25(0OH)D
Levels

This meta-analysis included twenty-eight studies
on serum total 25(OH)D amounts in those diagnosed
with T2DM, conducted between 2012 to 2024.The
mean serum Total 25(0OH)D concentrations in indi-
viduals diagnosed with T2DM was 16.04 ng/mL
(95% CI: 15.13-16.96 ng/mL) employing a random-
effects model evaluation. The average total 25(OH)D
amounts observed in the investigations varied
between 6.49 ng/mL and 26.46 ng/mL. The investi-
gations exhibited considerable variability (12=98.8%,
P<0.001). Notably, most studies reported mean con-
centrations of 25(OH)D under 20 ng/mL indicate
that deficiencies in vitamin D could be prevalent
among individuals with T2DM. This discovery holds
significant relevance for the medical management of
diabetes. The specific results are depicted in Figure 4.
We carried out sensitivity evaluations to gauge the
influence of particular investigations on the overall
effect size of Total 25(OH)D levels. The 28 included
studies were sequentially excluded and alterations in
the effect size estimates from the meta-analysis were
noted to assess the reliability of the findings.
Sensitivity analysis showed that there were no obvious
changes in the pooled mean value as a result of the
exclusion of any other single study.
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Table | Characteristics of observational studies included in this meta-analysis.

Study C;{’:g”igz/ Year (m;‘;l/’ifjale) Mean age | P °f T(‘gﬂ)ff 1,25(0H)2D3 25(0H)D3
ﬁlhr(qef) e | Qatar |2021 (2247%)33) 55.2+15.0 | T2DM T(‘gi'i)%s 26"&%?;5'30

?Ihraesd) | Qatar |2020| o s | 552299 |T2DM 25(0H)D;
’;'.”(‘;’g;a et | Bahrain | 2019 (ﬁ’é’) NR T2DM T(‘gﬂ)%s 13};?14

(Bf;a)i etal | gia [2014 (9523) 52.85+8.26 | T2DM T(‘gﬂ)f; 19'§:/im186

(51“8“)6““ 2| Qatar |2020 (4N6RO) 56.0410.4 | T2DM T(‘gi'i)ff 6'?\22353 1,25(0H),D; O'Oiz/in?f% 25(0H)D;
gj‘:ﬂ”("q'g“' Spanish | 2022 (212551572) 69.89+9.86 | T2DM T(‘gﬂ)%s 15&2%1880 1,25(0H),D; 24'?)2225'00
gth;f“(jgggy India | 2024 (617j§2) 49.5+11 | T2DM T("Ct)?_")%s 1?}5’/*;93 1,25(0H),Ds 4%2%15'6

P [y | o0 [ ] T rsoma T

gez)et - | China [2014 (77135/27%7) 59.03+11.67 | T2DM T{Sﬂ% 15'f§/fn‘t‘81

252?“" i‘éﬁ‘éﬁ 2016 (1’1?%46) 58.8+12.1 | T2DM T(%ﬂ)zDS 1?1;::“?_'6

2’;2')‘ etal | China [2019 (205407/627717) 67+9 | T2DM T(‘g?_")%; 16'55;1?67

1-205)95 etal | portugal | 2020 (825%6) 43+14 | TIDM T(‘gﬁ)%S 20527;187

(“'236‘;” etal | jgia [2021 (528/836) 5318 | T2DM T(‘gﬂ)%S 14%7/?1'21

(N237‘§” etal | | gia [2019 (leR) 53 T2DM T(‘gﬂ)%f 14’:5/?“1'20

Zag")aei etall o0 2023 (952/71885) 62.2+4.46 | T2DM T(‘g?_")%; 2562;—“;15'6

o T (2] o5 | oomieo [row [T "

éeg)dye*a" India | 2015 (488/234) 575493 | T2DM T{gﬂﬁf 1?\5/?1‘2

ST | o 5] oy | e [T T [ T

zla"(%”;) | nda |2019) S0 2065 | T20M 15D 14'35;7/?1'21

zf%'g')*et Turkey | 2019 (Lf) 56.69+7.94 | T2DM 25(0H)D;
(Sgga'e*a" Turkey | 2022 (713%2) 62.546.8 | T2DM T(‘gﬂ)%S “'Zg/ﬂ%

(Ssegareta" Turkey | 2022 (817531) 61.5+11.5 | T2DM T(‘gﬂ)%s 10;}37&“7

f’g‘g)“" etal | japan |2014 (287 /547) 28.5+55 |T1DM 25(0H)D;
(U;;)'pe*a" Turkey | 2023 (154/025) 58.9+7.8 | T2DM T(‘gi'i)ff 1i‘g8/fn‘tz

gts'atl‘f’?;gf” Turkey | 2015 (292%61) 55.2+10.9 | T2DM T(‘gﬂ)%s 1?{;/?%1

Zﬁ%@g‘f e | India [2022 (579/33) 58.9+13.6 | T2DM T(‘gﬂ)%S 1?@4/1&9

ng)“a etal| | dia | 2024 (52926) 57.6=10.4 | T2DM T%";jﬁ; 25'3;/;5“183

Efqa)” etal | China |2019 y 4?,;%7’30) 58.10+10.83 | T2DM T(‘gi'i)f; 13':;;851

(Zj‘zh)edi etall an |2024 (452;68) 60.0+8.1 | T2DM T(‘gﬂ)ZDS 141;3;188

(24*‘33)0 etal | China |2021 (1225/%9) 61+6.8 | T2DM T(‘g?_")%; 16'551&16

azlh‘(ijzg e | China |2024 (923%7) 511+7.6 |T2DM T(‘gﬁ)%S 17':;1/?140
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Figure 2 Forest map of serum 25(OH)D; levels in diabetic retinopathy patients.

Publication bias assessment

We assessed the likelihood of publication bias in
the investigations that were included through plotting
funnel plots for serum 25(0OH)D3, 1,25(0OH),D3, and
Total 25(OH)D (Figure 5). Visually, the funnel plot’s
left and right sides are nearly symmetrical. In order to
quantitatively evaluate the extent of bias in publica-

tions, we conducted Egger’s linear regression test for
each of the three indicators. The results showed that
the P values of Egger's test for 25(OH)Dg,
1,25(0OH),D3 and Total 25(OH)D were 0.466, 0.908
and 0.727, respectively, which were greater than the
significance threshold of 0.05. This indicates that no
obvious publication bias was observed in this meta-
analysis.
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Figure 3 Forest map of serum 1,25(0OH),D; levels in diabetic retinopathy patients.
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Figure 5 Serum 25(0OH)D, 1,25(0H),D5 and Total 25(OH)D funnel plot.

Discussion

This study employed a meta-analysis and sys-
tematic review to measure the evidence regarding
vitamin D levels among individuals suffering from DR.
The findings indicated that serum amounts of
25(0H)Dg3, 1,25(0H),D3, and Total 25(OH)D in per-
sons with DR were lower, implying an intriguing link
among insufficient amounts of vitamin D and the ini-
tiation and advancement of DR, which aligns with
some previous studies (5, 6, 10). The findings were
broadly consistent, but the results were more convinc-
ing as more high-quality studies were included in this
study.

DR is a prevalent microvascular problem associ-
ated with diabetes, and its development is influenced
by a range of factors (45, 46). Vitamin D plays part in
the pathogenic course of DR through various process-
es. First, vitamin D plays a role in inhibiting the
inflammatory response and reducing the production

of cytokines that are pro-inflammatory, thus reducing
inflammatory damage to retinal micro vessels.
Secondly, vitamin D has an antioxidant effect, which
can remove excess reactive oxygen species (ROS) and
safeguard retinal pigment epithelial cells and gan-
glion cells (47). Thirdly, vitamin D can enhance the
synthesis of anti-vascular endothelial growth factor
and suppress pathological neovascularization (48).
Moreover, vitamin D enhances the function of vascu-
lar smooth muscle cells and mitigates microcircula-
tion disorders via management of calcium ion influx
(49). Considering the various protective benefits asso-
ciated with vitamin D, correcting vitamin D insuffi-
ciency is expected to impede the advancement of DR.
The results of this study showed that vitamin levels in
patients with DR were significantly lower than those in
patients with non-diabetic retinopathy. This suggests
that retinopathy in diabetic patients may be closely
related to vitamin D deficiency and that our findings
provide strong evidence for guiding the clinical man-
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agement of diabetic patients, thereby helping to
reduce retinopathy.

The findings of the systematic review conducted
in this study indicated a notable level of heterogeneity
among the investigations that were included, with |2
values exceeding 98%. Heterogeneity can stem from
a variety of factors. First, participants in the studies
included exhibited variations in baseline characteris-
tics, including age, gender, ethnicity, duration of dia-
betes, and comorbidities. These confounding factors
may influence vitamin D quantities and bring
about discrepancies in effect sizes across studies (50).
Secondly, the diagnostic criteria for DR in each study
were different, some studies used fundus photogra-
phy, some used fluorescein fundus angiography, and
some studies did not provide a clear basis for diagno-
sis, and the heterogeneity of DR diagnosis directly led
to differences in patient characteristics (51). Thirdly,
significant differences exist in the detection methods
for serum 25(0OH)Ds;, 1,25(0OH),D3, and Total
25(OH)D. The techniques encompass liquid chro-
matography-mass spectrometry, radioimmunoassay,
and chemiluminescence immunoassay (CLIA).
Performance indicators such as sensitivity, specificity,
and detection limits vary considerably among these
methods, potentially resulting in systematic errors in
vitamin D level assessments (52). In addition, the
geographical distribution of the included studies is
wide, covering different countries and places like
China, India, the Middle East, Europe, and United
States, and variations in race, eating habits, and sun-
shine hours could influence the manufacturing and
breakdown of vitamin D in the human body (53).
Subgroup analysis indicated that levels of 25(OH)Ds
and Total 25(OH)D were elevated in European and
American populations compared to the Asian popula-
tion (P<0.05), highlighting the significance of ethnic
and regional differences as sources of heterogeneity?.
Finally, the sample sizes of the investigations included
in the analysis exhibited considerable variability, with
smaller studies demonstrating a greater propensity to
yield extreme outcomes, resulting in a deviation from
the true effect size estimates (54). Considering the
above factors, the high heterogeneity reduces the
comparability and robustness of the results of this
study to a certain extent.

This study has certain limitations. The studies
included were all single arm, making it challenging to
ascertain the link of causation between the quantities
of vitamin D and DR towing to the absence of appro-
priate control groups. Reduced quantities of vitamin
D may be a consequence of DR, or both could be
related to other factors. Prospective cohort studies
can help to further clarify the relationship between
the two. Second, funnel plots suggest that there may
be publication bias, and negative studies with small
sample sizes may be difficult to publish, resulting in
results that deviate from the true effect. Finally, the

quality of individual studies varied and may be affect-
ed by selection bias, information bias, and confound-
ing bias. We assessed only the overall quality of the
studies during the inclusion process, lacking a more
detailed assessment of the danger of bias. The limita-
tions may have influenced the dependability of the
investigation’s findings. From the above limitations,
future research directions include: (1) conducting
cohort studies with large samples and extensive fol-
low-up to assess the correlation between low levels of
vitamin D and the risk of DR; (2) to explore the differ-
ences of vitamin D in patients with different stages
and types of DR, along with the dose-response con-
nection between vitamin D and the seriousness of
DR; (3) carry out clinical intervention investigations
into vitamin D supplemental intake to evaluate the
impact of vitamin D therapy on the advancement of
DR; Comprehensive examination of the molecular
mechanism connected to low-level vitamin D promot-
ing the existence and growth of DR. These studies
elucidate the significance of vitamin D in both the
avoidance and control of DR and provide innovative
ideas for the development of intervention strategies.

Conclusion

In conclusion, the study demonstrates that a
lack of vitamin D is often found in individuals with DR,
implying that vitamin D may be involved in DR devel-
opment. Given the prominent level of heterogeneity
and potential for publication bias, more high-quality
prospective investigations are required to substantiate
this conclusion. In future studies, it is essential to
assess the link between reduced amounts of vitamin
D and prognosis of DR, along with exploring the
potential clinical utilization of vitamin D in both the
avoidance and control of DR.
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