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Introduction

Retinal vein occlusion (RVO) is an important sight‑threatening 
retinal vascular disorder affecting as many as 28.06 million people 
globally as estimated in 2015.[1] Based on anatomical location, 
it can be classified into central retinal vein occlusion (CRVO), 

branch retinal vein occlusion (BRVO), and hemi‑retinal vein 
occlusion (HRVO). The known risk factors for RVO are systemic 
diseases like hypertension (HTN), diabetes mellitus (DM), 
dyslipidemia, and other known hypercoagulable disorders 
including hyperhomocysteinemia and intraocular pathologies 
like glaucoma and vasculitis.

Recently, research and data have been published to show the 
association of  low vitamin D levels with thrombosis and venous 
occlusions. Vitamin D binds to vitamin D‑binding protein and 
gets transported to target organs. Here, it is a natural ligand to 
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respectively (P value = 0.001) with an odds ratio of 10.558 (CI = 2.34–47.50), indicating vitamin D deficiency to be strongly 
correlated with RVO. Maximum patients of RVO (46.3%) were seen during the winter season. The study noted hypertension [odds 
ratio 20.22 (CI = 5.812–70.347)], dyslipidemia, and anemia [odds ratio 4.107 (CI = 0.62–26.90)] to be the risk factors for RVO as 
previously proved in the literature. Smoking, diabetes, alcohol intake, and body mass index did not emerge as risk factors for 
RVO. Conclusion: Vitamin D deficiency is associated with RVO; hence, estimation of serum vitamin D levels should be advised as 
a part of routine investigations while looking for the cause of RVOs. Public health measures like food fortification with vitamin D 
micronutrients and public awareness towards increased sunlight exposure in the community are simple, inexpensive measures that 
can decrease the burden of sight‑threatening disease of RVO in the community.
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vitamin D receptors to enable their biological actions. There are 
several clinical reports corroborating vitamin D deficiency with 
an increase in thrombotic episodes.[2–4] This implicates the role 
of  vitamin D in the causation of  thrombosis‑related pathways.

Multiple studies have shown a positive correlation between 
vitamin D deficiency and vascular diseases like HTN, 
coronary heart disease, and cerebrovascular accidents.[5–8] Also, 
improvement in vascular endothelial function has been noted 
with vitamin D supplementation, indicating the importance of  
vitamin D in vascular disorders.[9,10]

In some cases of  RVO, when no cause is found, they are labeled 
as idiopathic. The list of  identifiable risk factors for RVO is still 
incomplete. Considering the above association of  vitamin D 
deficiency and vascular disorders, these idiopathic cases of  RVO 
may be related to reduced levels of  vitamin D. We conducted 
this study at our tertiary care centre in North India to evaluate 
serum levels of  vitamin D in patients of  RVO presenting to our 
hospital to determine any association between the two. Very few 
studies have been published on the evaluation of  vitamin D levels 
in RVO, and hence, there is a lacuna of  knowledge regarding this 
association which we aim to study.[11–14]

Vitamin D is a micro‑nutrient and forms a part of  nutrition for 
an individual. General physicians advise on adequate nutrition 
and preventive measures against diseases. Evaluation of  serum 
vitamin D and its association with the sight‑threatening RVOs 
can guide physicians towards the importance of  public awareness, 
public health measures, and routine estimation of  serum 
vitamin D levels with the aim to improve vitamin D levels in 
the community.

Materials and Methods

This case‑control study was approved by the institutional ethics 
committee and adhered to the Declaration of  Helsinki. A total 
of  54 cases (age group 40–80 years) with the first episode of  
RVO presenting to our hospital (one of  the largest tertiary care 
centres of  North India) within 3 months of  the onset of  RVO 
were enrolled after informed consent. They were compared 
with 54 age‑ and sex‑matched controls who were attendants 
of  patients as they had comparable dietary and socioeconomic 
conditions. Patients on vitamin D supplementations and RVO 
due to infective or immunological causes or patients of  glaucoma 
were excluded.

All recruited patients underwent a detailed history and ophthalmic 
examination including fundus photographs, optical coherence 
tomography, and fundus fluorescein angiography wherever 
required. Systemic examinations like details of  the history of  
HTN, DM, smoking, alcohol intake, and other predisposing 
factors were also noted.

After overnight fasting (12 hours), a blood sample was collected 
in a plain vial and was stored at ‑20 degrees Celsius. The 

serum from this vial was used for vitamin D estimation by the 
Chemiluminiscent Immunoassay kit (CLIA). Also, hemograms, 
blood sugars, and lipid profiles were assessed and standard 
procedures for calculation of  body mass index (BMI) were done 
for all patients.[15]

Vitamin D deficiency was defined as serum levels of  
<20 ng/ml.[16] The seasons were defined as Summer (March–June), 
Monsoon (July–September), Autumn (October–November), and 
Winter (December–February).[17]

Qualitative variables were analysed using Chi‑square test or 
Fisher’s exact test wherever applicable. Quantitative variables 
were analysed using the independent t‑test. Univariate and 
multivariate logistic regressions were used to find out significant 
risk factors of  RVO. Data entry was done in Microsoft EXCEL, 
and the final analysis was done with Statistical Package for Social 
Sciences (SPSS) software, IBM manufacturer, Chicago, USA, 
version 25.0. For statistical significance, a P value of  less than 
0.05 was considered statistically significant.

Results

The study included 54 cases of  RVO [17 patients (31.5%) CRVO, 
35 patients (64.8%) BRVO, and 2 patients (3.7%) HRVO] and 
54 age‑ and sex‑matched controls. The mean age for cases and 
control group was 60.22 years ± 6.44 and 60.83 years ± 7.02, 
respectively (P value > 0.05). RVO was seen more in the age group 
of  61–70 years (48.1%) [Table 1]. Twenty‑four (44.4%) were male 
and 30 (55.6%) females in each group (P value > 0.05) [Table 1]. 
A higher number of  RVO cases was seen in the winter season, 
25/54 (46.3%) [Table 2].

Serum vitamin D was deficient (<20 ng/ml) in both 
cases [48/54 (88.9%)] and controls [30/54 (55.6%)]. 
The mean serum levels of  vitamin D in both groups 
were low, cases (14.19 ± 5.23 ng/ml) and controls 
(19.42 ± 10.27 ng/ml) [Table 3]. The above two differences were 
statistically significant, P value < 0.001 [Tables 1 and 3]. Mean 
serum vitamin D levels were noted to be lower in all age groups 
of  cases compared to controls, but this difference was statistically 
significant in the age group of  61–80 years (P value = 0.007). 
This group was noted to have a higher number of  RVO 
cases [Table 1]. On multivariate logistic regression analysis, 
serum vitamin D deficiency (<20 ng/ml) had an odds ratio of  
10.558 (95% CI = 2.346–47.509), indicating that vitamin D 
deficiency is a risk factor for RVO. That is, more the vitamin D 
deficiency, higher is the risk of  RVO [Table 4].

Out of  54 cases, 44 (81.5%) had hypertension compared to 
the control group having 12/54 (22.2%) with hypertension 
disease (P value = <0.001) [Table 1]. The odds ratio calculated 
for hypertension was 20.221 (95% CI = 5.812–70.347), indicating 
that hypertension is strongly associated with the development 
of  RVO [Table 4]. To overcome hypertension as a confounding 
risk factor, serum vitamin D was compared in hypertensive and 
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non‑hypertensive patients in both cases and controls groups and 
no statistically significant difference was noted [Table 5].

Ten/54 (18.5%) patients had anemia in cases group 
compared to 2/54 (3.7%) participants with anemia in control 
group (P value = 0.028) [Table 1]. The odds ratio calculated 

was 4.017 (95% CI = 0.627–26.907), indicating anemia to be 
associated with RVO disease [Table 4].

Total cholesterol [22/54 (40.7%)], LDL [10/54 (18.5%)], and 
triglycerides [18/54 (33.3%)] were found to be statistically 
higher in cases group compared to control group, 3/54 (5.6%), 
3/54 (5.6%), and 2/54 (3.7%), respectively [Table 1]. 
HDL [11/54 (20.4%)] was found to be statistically lower 
in cases group compared to control group [2/54 (3.7%)] 
(P value = 0.008) [Table 1]. The odds ratio by multivariate logistic 
regression was calculated to be 6.425 (95% CI = 0.897‑46.023) for 
total cholesterol (≥200 mg/dL), 4.909 (95% CI = 0.736‑32.738) 
for LDL (≥160 mg/dL), and 1.656 (95% CI = 0.172‑15.949) 
for triglycerides (≥150 mg/dL), indicating that higher levels of  
cholesterol, LDL, and triglycerides are associated with higher 
risk for RVO [Table 4]. Lower levels of  HDL (≤40 mg/dL) 
are associated with higher risk for RVO [odds ratio 2.353 (95% 
CI = 0.230‑24.033)] [Table 4]. The above indicates that 
dyslipidemia is a risk factor for RVO disease.

Diabetes mellitus was seen in 16/54 (29.6%) of  cases compared 
to 10/54 (18.5%) of  control group participants (P value = 0.177). 
Smoking and alcohol intake were noted in 17/54 (31.5%) and 
12/54 (24.1%), respectively, in patients of  cases group. In control 
group, smoking and alcohol intake were noted in 18/54 (33.3%) 
and 10/54 (18.5%) participants, respectively. Both were not 
statistically significant [Table 1]. The mean BMI calculated for 
cases group was 23.56 ± 2.52, and that for the control group 
was 22.72 ± 2.15 (P value = 0.066) [Table 1].

Discussion

RVO is a thromboembolic disease affecting the retinal 
vasculature. There has been increasing evidence in the literature 
regarding the role of  vitamin D deficiency with an increase in 
thrombotic episodes.[2–4] Recent studies have demonstrated the 
association of  low vitamin D levels with the development of  
deep venous thrombosis (DVT).[2–4] Further, Blondon et al.[18] 
found a protective effect of  vitamin D supplementation on the 
risk of  unprovoked venous thromboembolism (VTE). Studies 
in the literature have also highlighted the role of  vitamin D 
in maintaining endothelial function and preventing vascular 
diseases like HTN, coronary, and cerebrovascular accidents.[5–10] 
This points towards vitamin D deficiency being a significant risk 
factor for thrombotic diseases.

The above is supported by evidence from literature that vitamin D 
through its interaction with receptors on vascular endothelium has 
a protective role by increasing nitric oxide formation and hence 
decreasing the oxidative stress on the vascular endothelium.[19,20] 
Vitamin D has a suppressive effect on vascular smooth muscle 
cells, which are responsible for vascular calcification, hence 
having an antiatherogenic role.[21] Vitamin D is also known to 
have inhibitory effects on renin‑angiotensin system, whose 
hyperactivity is known to cause HTN.[22] Vitamin D modulates 
immunological responses towards humoral T helper cells 2 (Th2), 

Table 1: Profile of patients in the study
Parameter Cases (%) Controls (%) P
Number 54 54
Age

Mean±SD (years) 60.22±6.44 60.83±7.02 >0.05
40‑50 years (n) 4 (7.4%) 6 (11.1%)
51‑60 years (n) 22 (40.7%) 19 (35.2%)
61‑70 years (n) 26 (48.1%) 25 (46.3%)
71‑80 years (n) 2 (3.7%) 4 (7.4%)

Sex
Male 24 (44.4%) 24 (44.4%)
Female 30 (55.6%) 30 (55.6%)

Hypertension [(n) %] 44 (81.5%) 12 (22.2%) <0.001
Diabetes Mellitus [(n) %] 16 (29.6%) 10 (18.5%) 0.177
Smoking [(n) %] 17 (31.5%) 18 (33.3%) 0.837
Alcohol [(n) %] 13 (24.1%) 10 (18.5%) 0.481
Body Mass Index (kg/m2)

Mean±SD 23.56±2.52 22.72±2.15 0.066
Anemia [(n) %] 10 (18.5%) 2 (3.7%) 0.028
Dyslipidemia [(n) %]

Total cholesterol (≥200 mg/dL) 
[(n) %]

22 (40.7%) 3 (5.6%) <0.001

Low density lipoprotein 
(≥160 mg/dL) [(n) %]

10 (18.5%) 3 (5.6%) 0.038

High Density lipoprotein 
(≤40 mg/dL) [(n) %]

11 (20.4%) 2 (3.7%) 0.008

Triglycerides (≥150 mg/dL) 
[(n) %]

18 (33.3%) 2 (3.7%) <0.001

Vitamin D deficiency (<20 ng/ml) 
[(n) %]

48 (88.9%) 30 (55.6%) <0.001

Table 2: Distribution of RVO in various seasons
Season Cases [n (%)] Control [n (%)]
Summer 9 (16.7%) 9 (16.7%)
Monsoon 4 (7.4%) 4 (7.4%)
Autumn 16 (29.6%) 16 (29.6%)
Winter 25 (46.3%) 25 (46.3%)

Table 3: Comparison of serum vitamin D levels (ng/ml) 
in both the groups

Parameter Cases 
(mean±SD) ng/ml

Control 
(mean±SD) ng/ml

P

Mean 14.19±5.23 19.42±10.27 0.001
Age 

40‑60 years 13.64±5.47 16.92±7.36 0.08
61‑80 years 14.70±5.05 21.57±11.96 0.007

Sex
Male 13.89±4.80 17.76±7.38 0.471
Female 14.43±5.63 20.96±12.31 0.257
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who have an inhibitory effect on proatherogenic cytokines.[23] It 
has been proven to be inversely related to type 1 plasminogen 
activator inhibitor making vitamin D anti‑atherogenic.[24] Hence, 
vitamin D has immunomodulatory and anti‑atherogenic roles in 
our body and its deficiency can predispose to thromboembolic 
diseases. This has been further supported by results from a recent 
randomised control trial which investigated the occurrence of  
major cardiovascular events between adults taking monthly doses 
of  vitamin D supplementation and placebo group over 5 years and 
found that the rate of  major cardiovascular events was lower in the 
vitamin D supplementation group compared to placebo group.[25]

Our study noted a significant deficiency of  serum vitamin D 
levels in patients of  RVO (14.19 ± 5.23 ng/ml) compared to 
controls (19.42 ± 10.27 ng/ml) (P value < 0.001) with an odds 
ratio of  10.558 (CI = 2.34‑47.50). Recently published case‑control 
studies have reported deficiency of  vitamin D in 51.4% of  CRVO 
patients compared to 39.3% in control group; an odds ratio 
of  133.33 for RVO cases versus controls indicates vitamin D 
deficiency to be strongly associated with RVO and the range of  
vitamin D in RVO cases (7‑25.80 ng/ml) to be significantly less 
than controls (14.89‑33.60 ng/ml).[11–13] The results of  our study 
are in agreement with previous case control studies reporting a 
positive correlation between vitamin D deficiency and RVO.[11–14] 
Our study was conducted in patients of  North India, whereas 
previous studies have been done in South India, Sweden, and 
United States, all reaching similar conclusions.

Recent evidence has come to light that vitamin D can be 
metabolised locally in the eye. Vitamin D hydroxylases are 
present in ocular structures like sclera, cornea, ciliary body, and 
retina, suggesting vitamin D to be an important intraocular 
mediator in eye diseases.[26,27] Vitamin D receptor (VDR), a 
nuclear hormone receptor, is expressed in structural elements 
of  the eye, and certain polymorphisms of  the VDR gene may 
lead to the occurrence of  eye diseases like diabetic retinopathy 

and dry eyes.[26,28,29] This has been elucidated by clinical studies 
documenting the worsening of  diabetic retinopathy and dry eyes 
in cases of  vitamin D deficiency.[30,31] In a pioneer study by Uzel 
et al. (2019),[32] they published that vitamin D deficiency causes 
a decrease in ocular blood flow. This can explain that a decrease 
in ocular blood flow and loss of  anti‑atherogenic protection 
provided by vitamin D can result in thrombo‑embolic and 
vascular occlusive disease, that is, RVO.

In our study, maximum RVO cases (48.1%) were seen in the 
age group between 61 and 70 years. This can be attributed to 
decreased dietary intake and reduced synthesis of  vitamin D with 
age.[33] With the increase in age, our skin becomes less efficient at 
making vitamin D due to a decrease in levels of  pro‑vitamin D3 
in the epidermis. In India, the darker skin has a greater amount 
of  melanin, which absorbs much of  the sun’s UVB rays before 
they reach to deeper levels to form vitamin D. Also, the elderly 
do not come out in the sun and are more homebound, which also 
affects the vitamin D production. Vitamin D deficiency is known 
to be as high as 91.2% in this age group of  Indian community.[34]

Our study also found a greater number of  RVO cases in the 
winter season, which is in agreement with previous studies.[11] A 
cold environment causes an increase in platelets, blood viscosity, 
red blood cells, and fibrinogen (thrombotic agents) and a decrease 
in antithrombin III (antithrombotic agent).[35–37] Skin exposure to 
sunlight is decreased due to wearing full sleeves and keeping the 
body fully covered. A national study in United States identified 
increased risk of  mortality associated with DVT/VTE in the 
winter months.[38]

Hypertension, dyslipidemia, and anemia are well‑established 
risk factors in RVO, which was also found in the results of  our 
study.[39] DM, BMI, smoking, and alcohol intake did not emerge 
as risk factors for RVO in our study.

Conclusion

RVO is a sight‑threatening disease with poor and highly 
unpredictable prognosis.[40] It is complicated by macular edema 
and neovascular glaucoma‑threatening vision even after the 
episode of  RVO. Hence, prevention is better than cure. Our study 
shows a positive association of  vitamin D deficiency with RVO 
and explains the physiological basis of  this clinical observation 
as per literature evidence to date.

Table 4: Multivariate logistic regression to find out significant risk factors of RVO
Variable Beta 

coefficient
Standard 

error
P Odds 

ratio
Odds ratio Lower 

bound (95%)
Odds ratio Upper 

bound (95%)
Anemia 1.413 0.959 0.141 4.107 0.627 26.907
Hypertension 3.007 0.636 <0.0001 20.221 5.812 70.347
Total cholesterol (≥200 mg/dL) 1.860 1.005 0.064 6.425 0.897 46.023
Low density lipoprotein (≥160 mg/dL) 1.591 0.968 0.100 4.909 0.736 32.738
High Density lipoprotein (≤40 mg/dL) 0.856 1.186 0.471 2.353 0.230 24.033
Triglycerides (≥150 mg/dL) 0.505 1.155 0.662 1.656 0.172 15.949
Vitamin D deficiency (<20 ng/ml) 2.357 0.767 0.002 10.558 2.346 47.509

Table 5: Association of Serum vitamin D (ng/mL) with 
hypertension in study participants

Serum vitamin D 
(ng/ml)

Hypertensive 
patients

Non Hypertensive 
patients

P

Cases (Mean±SD) 14.45±5.31 13.07±4.97 0.455*
Controls (Mean±SD) 20.39±6.21 19.15±11.21 0.716*
*Independent t test
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Improving the nutritional status of  the community for vitamin 
D micronutrient can help prevent cardiovascular, deep vein 
thrombosis, and cerebrovascular accidents, which can be 
life‑threatening, and RVO, which can be vision‑threatening. 
Hence, general physicians should aim to counsel all patients 
on the importance of  sunlight exposure and advise oral 
supplementation of  vitamin D in case of  deficient patients. 
Public health measures to include vitamin D micronutrient as a 
part of  food fortification should be implemented to prevent its 
deficiency. General physicians must include serum vitamin D as 
a part of  battery of  tests while assessing the cause of  vascular 
occlusions in any patient. In patients of  prior history of  vascular 
occlusions and cardiovascular diseases, oral monthly vitamin D 
supplementation may be considered as a preventive measure 
against future vascular occlusions.
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