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ABSTRACT
Objective The objective of this study was to determine 
the prevalence of homocysteinemia in patients with retinal 
vein occlusion (RVO). We investigated the association 
of B complex vitamin (BCV) and multivitamin (MVI) 
supplementation on homocysteine levels in RVO patients.
Methods and analysis This cross- sectional study 
occurred at the Retina Center of New Jersey. We 
investigated 312 patients diagnosed with RVO between 
2011 and 2019. Homocysteine levels were measured 
on diagnosis of RVO and 4–8 weeks after, following 
recommended daily supplementation with BCV, MVI or 
combination MVI+BCV.
Results The median patient age was 71.00, IQR (61.00, 
78.25), with 164 (52.6%) being women. Prevalence 
of homocysteinemia (>13 µmol/L) was 150 of 312 
(48.1%), with a median baseline homocysteine level of 
12.80 (10.17, 15.90) µmol/L. The follow- up cohort, 105 
patients, demonstrated significant reduction in median 
homocysteine levels from 14.50 (12.30, 17.90) to 10.70 
(9.30, 13.50) µmol/L following vitamin supplementation. 
Multivariate analysis found having baseline 
homocysteinemia was significantly associated with at 
least 25% reduction in homocysteine following vitamin 
supplementation.
Conclusions In this study, 48.1% of patients with RVO 
had elevated homocysteine (>13 µmol/L). Supplementation 
with BCV or MVI+BCV was associated with a significant 
reduction in homocysteine from 14.50 (12.30, 17.90) to 
10.70 (9.30, 13.50) µmol/L.

INTRODUCTION
Retinal vein occlusions (RVOs) are severe 
causes of visual impairment that occur more 
frequently in the elderly population.1 2 RVOs 
affect vessels of different sizes and can be 
segmented into six main categories, including 
ischaemic central retinal vein occlusion 
(CRVO), non- ischaemic CRVO, ischaemic 
branch retinal vein occlusion (BRVO), non- 
ischaemic BRVO, ischaemic Hemi- CRVO and 
non- ischaemic Hemi- CRVO.3 The aetiology 
underlying RVOs is not well understood. 
Previous studies have demonstrated that risk 
factors associated with RVOs include age, 
hypertension, elevated homocysteine levels, 

open angle glaucoma, obesity, cardiovascular 
disease, diabetes mellitus, dyslipidaemia and 
antiphospholipid antibodies.4–9 It has been 
postulated that patients with clotting cascade 
mutations involving factor V Leiden and 
prothrombin, in addition to patients with 
deficiencies in physiological coagulation 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Elevated homocysteine levels may lead to a hyper-
coagulable state, with some studies reporting this to 
be an independent risk factor for arterial and venous 
thrombotic diseases, such as stroke and coronary 
artery disease. Data from previous studies investi-
gating the relationship between elevated homocys-
teine levels and incidence of retinal vein occlusion 
(RVO) have been mixed.

WHAT THIS STUDY ADDS
 ⇒ Comparing our results to the findings from the 
National Health and Nutrition Examination Survey 
dataset suggest a higher prevalence of homocys-
teinemia in patients with RVO than similarly aged 
adults in the USA general population. B vitamin 
supplementation was associated with a significant 
decrease in homocysteinemia in this subpopulation; 
while the effects of vitamin supplementation on low-
ering homocysteine levels have been reported in the 
general population,25 our study identified a research 
gap in the present literature, as we could not find 
any studies demonstrating homocysteine levels in 
patients with RVO at baseline and following supple-
mentation with B complex vitamin and multivitamin.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Patients who present with RVO may warrant broader 
medical examination for diseases related to under-
lying hypercoagulable states including the testing 
of baseline homocysteine levels, which are not cur-
rently covered by Medicare, and further research is 
needed to determine if homocysteine reduction with 
vitamin supplementation would be effective in re-
ducing the incidence or improving the disease pro-
gression in patients with RVO.
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inhibitors such as plasminogen activator inhibitor, may 
also be at higher risk for RVO.7 10 11

Elevated homocysteine levels may lead to a hyper-
coagulable state, with some studies reporting this to 
be an independent risk factor for arterial and venous 
thrombotic diseases, such as stroke and coronary artery 
disease.12–14 Data from previous studies investigating 
the relationship between elevated homocysteine levels 
and incidence of RVO have been mixed, with some 
suggesting a positive association,10 15–17 or no associa-
tion.18 Similarly, mixed findings have also been published 
regarding the relationship between C677T and A1298C 
methylenetetrahydrofolate reductase (MTHFR) geno-
type polymorphisms and RVO.15–19

Homocysteine is an amino acid derived from methi-
onine whose metabolism is facilitated by three enzymes: 
methionine synthetase, MTHFR and cystathionine 
synthetase.20 Folate, vitamin B12, vitamin B6 and flavin 
adenine dinucleotide are coenzymes necessary for these 
reactions.20 It has been reported that elevated levels of 
homocysteine may lead to vascular disease via a combi-
nation of vascular endothelial dysfunction, vascular 
smooth muscle proliferation and coagulation abnormali-
ties, leading to venous thrombosis.21 Predisposing factors 
of elevated homocysteine levels include diseases such 
as hypothyroidism, renal failure, proliferative diseases, 
and type II diabetes mellitus, drugs such as metformin, 
estrogens, methotrexate, levodopa, and alcohol, vitamin 
deficiencies including folate, B12, B6 and polymor-
phisms of the MTHFR gene.22 It has been reported that 
a homozygous C677T polymorphism may result in a 70% 
decrease in MTHFR enzyme function,23 and a compound 
heterozygous A1298C and C677T polymorphism may 
result in a 50%–60% decrease in MTHFR enzyme func-
tion.24

Supplementation with the coenzymes necessary for 
homocysteine metabolism, specifically vitamins B12, 
B6 and B9, may increase the efficiency of the viable 
homocysteine metabolising pathways enough to reduce 
homocysteine levels to a normal level. It has been 
reported that folic acid supplementation (0.5–5 mg/
day) can reduce total homocysteine levels by 25%, and 
B12 supplementation (0.5 mg/day) can reduce total 
homocysteine levels by an additional 7%, with a combi-
nation therapy reducing homocysteine levels up to 
33%.25 26 Hence, the objective of this study was to deter-
mine the prevalence of elevated homocysteine levels in 
patients with RVO and to investigate the association of 
supplementation with B complex vitamins (BCVs), multi-
vitamins (MVIs) or a combination of both (MVI+BCV) 
on homocysteine levels in these patients.

MATERIALS AND METHODS
Study design
This was a cross- sectional study in which patients with 
RVO were tested for elevated homocysteine levels and 
followed for 4–8 weeks after recommendation for vitamin 
supplementation.

Treatment and vitamin supplementation
On diagnosis of RVO, all patients were treated to the stan-
dard of care. Patients presenting with macular oedema 
were treated with intravitreal injections of bevacizumab, 
ranibizumab or aflibercept. Patents without macular 
oedema or decrease in vision were monitored and not 
treated with intravitreal injection.

Following standard of care treatment, patients were 
recommended to supplement their diets with a BCV 
containing B12, B6 and B9 and/or an MVI. The BCV 
formulations recommended were either FABB, TL Guard 
and Folplex, all containing 25 mg B6 as pyridoxine HCl, 
2.2 mg B9 as folic acid and 1 mg B12 as cyanocobalamin. 
The MVI formulation recommended was Centrum Silver.

Homocysteine levels were recorded at baseline and at 
4–8 weeks after initiation of vitamin supplementation for 
patients who returned to the clinic and reported following 
a supplementation regimen. All vitamins were advised 
to be taken daily for the entirety of this period. These 
patients were divided into three cohorts depending on 
which regimen they reported following: MVI only, BCV 
only or a combination therapy of MVI+BCV.

Diagnostic criteria
RVOs were diagnosed via ophthalmoscopic fundus exam-
ination and fluorescein angiography. Ophthalmoscopic 
fundus examination assessed for dilated or tortuous veins, 
disc swelling and hyperaemia, cystoid macular oedema, 
retinal haemorrhages, microaneurysms, cotton–wool 
spots, and retinal and iris neovascularisation. Fluorescein 
angiography evaluated increased venous transit time, 
areas of capillary closure and venous filling defects.

Fasting homocysteine levels were measured, and 
patients were considered to have elevated homocysteine 
(homocysteinemia) if their total fasting plasma homocys-
teine level was>13 µmol/L. MTHFR polymorphisms were 
assessed via PCR and restriction enzyme analysis.

Study population selection
We identified 475 consecutive patient records with a diag-
nosis of BRVO, CRVO or Hemi- CRVO who presented to 
the Retina Center of New Jersey from October 2011 to 
June 2019. We excluded all patients who did not have 
baseline data for homocysteine levels and patients who 
had pre- existing RVO before the defined study period 
(N=104). We then excluded all duplicate patient records 
(N=59), yielding a total study population of 312 unique 
patients for our baseline characteristic analyses. For our 
follow- up analyses on the association of vitamin supple-
mentation on homocysteine levels in RVO patients, we 
identified 109 patients who were previously untreated 
with MVI or BCV who had baseline and follow- up homo-
cysteine levels after 4–8 weeks of reporting either MVI 
only, BCV only or combination MVI+BCV supplementa-
tion. Since there were only four patients who reported 
vitamin supplementation with MVI only, we excluded 
these patients from our follow- up cohort, yielding a total 
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of 105 patients. A flowchart of our study population selec-
tion process is displayed in figure 1.

Statistical analysis
We first characterised the demographics, RVO type, 
comorbidities, MTHFR genotype and complete blood 
counts (CBCs) for our primary case series with base-
line homocysteine levels, stratified by age. Specifically, 
we characterised patients age≥60 in one cohort, and 
patients age<60 in the other cohort, as well as the total 
study population. We then characterised the demo-
graphics, prevalence of RVO type and reduction in 
homocysteine levels for our follow- up series with homo-
cysteine levels after vitamin supplementation, stratified 
by the regimen followed (MVI only, BCV only or combi-
nation MVI+BCV). Since there were only four patients 
who reported supplementation with MVI only, we solely 

characterised patients who were on BCV only or combi-
nation MVI+BCV therapy.

We created paired boxplots to compare the median 
homocysteine levels before and after vitamin supplemen-
tation, stratified by the regimen followed (BCV only or 
combination MVI+BCV). We then created boxplots to 
compare the calculated medians of differences in homo-
cysteine levels after vitamin supplementation. We used 
multiple logistic regression to analyse if age≥60 versus 
age<60 was associated with the primary outcome of this 
study, which was at least 25% reduction in homocysteine 
levels after vitamin supplementation. We chose 25% as a 
cut- off based on the results of a large meta- analysis finding 
that folic acid supplementation reduced homocysteine 
concentration by 25%.26 We created three models: an 
unadjusted model, a model adjusted for sex and a final 
model additionally adjusted for homocysteinemia, BRVO 

Figure 1 Study population. Flowchart of study population selection. BCV, B complex vitamin; MVI, multivitamin; RVO, retinal 
vein occlusion.
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versus CRVO/Hemi- CRVO and any MTHFR polymor-
phism. We created a forest plot to visualise the ORs for 
the final model.

We used R V.4.0.1 for our statistical analyses.27–30 We 
reported categorical variables as proportions (%) and 
continuous variables as medians (IQR). We used the χ2 
test with Yates’ continuity correction or Fisher’s exact 
test as appropriate to compare categorical variables. 
We used the Mann- Whitney U/Wilcoxon rank- sum tests 
to compare continuous variables and our boxplots of 
the medians of differences in homocysteine levels by 
regimen of vitamin supplementation followed. The statis-
tical test used for our paired boxplots comparing median 
homocysteine levels before and after vitamin supplemen-
tation was the Wilcoxon signed- rank test. We considered 
p<0.05 to be statistically significant.

Patient and public involvement
Patients were not directly involved with the research 
process. This study was conducted as a retrospective 
cross- sectional study. Research questions were developed 
through physician experience with managing RVO and 
influenced by the previous literature. Patients, their 
priorities, experiences and preferences played no role in 
the development of research questions. Patient’s data was 
deidentified with all analysis blinded. Patients were not 
involved with the design and conduct of the study, choice 
of outcome measures or recruitment. Patients were not 
directly contacted in regard to this study and there-
fore were not asked about the burden or time involved 
regarding participation. Patients were not involved in 
planning for the dissemination of the study results; 
however, patients will be shown aggregated results of the 
study. In the interest of increasing patient and public 
involvement, we will elucidate from our population how 
to best involve them in the future.

RESULTS
Baseline characteristics
Table 1 displays the baseline characteristics of the entire 
case series, stratified by two cohorts: age≥60 and age<60. 
Of the 312 patients with RVO and baseline homocysteine 
levels in this study, the median age was 71.00 (61.00, 
78.25), with 241 (77.2%) being age≥60 and 164 (52.6%) 
being women. There were 141 patients with BRVO, 83 
of these being ischaemic; 136 patients with CRVO, 68 
of these being ischaemic; and 35 patients with Hemi- 
CRVO, 21 of these being ischaemic. The median baseline 
homocysteine level for the entire case series was 12.80 
(10.17, 15.90) µmol/L, with 150 (48.1%) patients found 
to have homocysteinemia. Of these 312 patients with 
baseline homocysteine levels, 258 were not taking BCV 
or MVI supplementation at the time of RVO diagnosis 
and had a median baseline homocysteine level of 13.50 
(11.00, 16.90) µmol/L. The other 54 patients who were 
taking BCV or MVI at the time of RVO diagnosis had a 
median baseline homocysteine level of 9.90 (7.90, 11.80) 
µmol/L. A variety of MTHFR genotypes were identified 

in this study, with 246 (81.5%) patients having at least 
one MTHFR polymorphism. All CBCs had median values 
within normal range.

Notably, homocysteinemia was more prevalent in 
patients age≥60 (53.9% vs 28.2%, p<0.001), with median 
baseline homocysteine levels being higher as well (13.40 
(10.70, 16.50) vs 11.60 (8.10, 13.35), p<0.001). Hyper-
tension was more prevalent in patients age≥60 (87.0% vs 
72.5%, p=0.007). Having at least one MTHFR polymor-
phism was more prevalent in patients age≥60 (84.0% vs 
72.3%, p=0.05). There were no significant differences 
between patients age≥60 and <60 regarding sex, race/
ethnicity, hypercholesterolaemia, diabetes and individual 
MTHFR polymorphisms. Similarly, we did not identify 
associations for most CBCs, except for median RBC and 
platelet levels.

Association of vitamin supplementation on homocysteine 
levels
Of the 105 patients in our follow- up cohort, 56 reported 
using combination MVI+BCV and 49 reported using 
BCV only. There were no significant differences in 
demographics between patients who reported using 
combination MVI+BCV and BCV only (table 2). Within 
each regimen followed, there was a statistically significant 
decrease in median homocysteine levels following supple-
mentation with BCV only (−3.40 (–5.20, –2.10) µmol/L) 
and combination MVI+BCV (−3.30 (−6.12, –1.80) µmol/L, 
figure 2A). Supplementation with BCV only reduced 
median homocysteine levels from 14.40 (12.30, 17.90) 
to 11.10 (9.30, 13.70) µmol/L (p<0.001, figure 2A), 
while combination MVI+BCV supplementation reduced 
median homocysteine levels from 14.60 (12.23, 18.90) to 
10.35 (9.40, 13.20) µmol/L (p<0.001, figure 2A). When 
comparing the medians of differences in homocysteine 
reduction for each regimen followed, there was no statis-
tically significant difference (p=0.992, figure 2B).

Analysis of the entire follow- up cohort revealed the 
median homocysteine level before vitamin supplemen-
tation was 14.50 (12.30, 17.90) and 10.70 (9.30, 13.50) 
µmol/L after vitamin supplementation, a significant 
reduction (table 2). Of these patients, 69 (65.7%) met 
the criteria for homocysteinemia before vitamin supple-
mentation, while 29 (27.6%) met the criteria after vitamin 
supplementation, and hence vitamin supplementation 
was associated with a significant decrease in homocyste-
inemia within this subpopulation (p<0.001).

Multiple logistic regression
In our three models, the ORs for a homocysteine level 
reduction of at least 25% were not statistically signifi-
cant when comparing patients age≥60 vs age<60. In our 
final adjusted model, this OR was 1.69 (95% CI: 0.57 to 
5.26). All covariate ORs in our final adjusted model are 
displayed in a forest plot in figure 3. We did not find any 
statistically significant ORs for most of the other covari-
ates (age, sex and any MTHFR polymorphism) except 
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Table 1 Baseline characteristics

Total RVO patients (N=312) Patients age<60 (N=71) Patients age≥60 (N=241) P value

Demographics

  Age (median (IQR)) 71.00 (61.00, 78.25) 54.00 (48.00, 57.00) 74.00 (69.00, 80.00) <0.001

  BMI (median (IQR))* 27.90 (24.32, 31.30) 30.41 (26.63, 36.72) 27.61 (24.09, 30.70) <0.001

Sex (%)

  Female 164 (52.6) 38 (53.5) 126 (52.3) 0.961

Race/ethnicity (%)†

  White 163 (52.6) 36 (50.7) 127 (53.1) 0.822

  Black 48 (15.5) 12 (16.9) 36 (15.1) 0.850

  Hispanic 84 (27.1) 18 (25.4) 66 (27.6) 0.822

  Other 15 (4.8) 5 (7.0) 10 (4.2) 0.347

Smoking status (%)‡

  Former or current 87 (38.5) 16 (36.4) 71 (39.0) 0.880

Type of RVO (%) 0.341

  CRVO (non- ischaemic) 68 (21.8) 18 (25.4) 50 (20.7)

  CRVO (ischaemic) 68 (21.8) 13 (18.3) 55 (22.8)

  Hemi- CRVO (non- ischaemic) 14 (4.5) 3 (4.2) 11 (4.6)

  Hemi- CRVO (ischaemic) 21 (6.7) 2 (2.8) 19 (7.9)

  BRVO (non- ischaemic) 58 (18.6) 18 (25.4) 40 (16.6)

  BRVO (ischaemic) 83 (22.6) 17 (23.9) 66 (27.4)

Comorbidities (%)

  Hypertension§ 258 (83.8) 50 (72.5) 208 (87.0) 0.007

  Hypercholesterolaemia¶ 175 (70.0) 34 (68.0) 141 (70.5) 0.863

  Diabetes** 102 (39.5) 22 (40.0) 80 (39.4) 1.000

Homocysteine

  Baseline levels (median (IQR)) 12.80 (10.17, 15.90) 11.60 (8.10, 13.35) 13.40 (10.70, 16.50) <0.001

Homocysteinemia 150 (48.1) 20 (28.2) 130 (53.9) <0.001

MTHFR polymorphisms (%) ††

  Any MTHFR polymorphism 246 (81.5) 47 (72.3) 199 (84.0) 0.050

  A1298C (heterozygous) 68 (22.5) 20 (30.8) 48 (20.3) 0.103

  C1298C (homozygous) 20 (6.6) 4 (6.2) 16 (6.8) 1.000

  C677T (heterozygous) 69 (22.8) 13 (20.0) 56 (23.6) 0.652

  T677T (homozygous) 34 (11.3) 3 (4.6) 31 (13.1) 0.091

  A1298C/C677T 57 (18.9) 9 (13.8) 48 (20.3) 0.322

CBC‡‡

  WBC (median (IQR)) 6.50 (5.30, 7.70) 6.35 (5.15, 7.70) 6.50 (5.40, 7.70) 0.483

  RBC (median (IQR)) 4.60 (4.27, 4.89) 4.78 (4.50, 4.98) 4.51 (4.23, 4.85) 0.001

  Platelets (median (IQR)) 232.00 (191.00, 282.00) 251.50 (212.75, 302.50) 228.00 (188.00, 275.00) 0.006

  Haemoglobin (median (IQR)) 13.50 (12.40, 14.60) 13.95 (12.62, 14.83) 13.30 (12.30, 14.60) 0.118

  Haematocrit (median (IQR)) 40.30 (37.50, 43.60) 41.15 (37.75, 43.58) 40.00 (37.50, 43.60) 0.169

*BMI data missing for 78 (22 age<60, 56 age≥60) patients.
†Ethnicity data missing for two patients age≥60.
‡Smoking status missing for 86 (27 age<60, 59 age≥60) patients.
§Hypertension data missing for four (two age<60, two age≥60) patients.
¶Hypercholesterolaemia data missing for 62 (21 age<60, 41 age≥60) patients.
**Diabetes data missing for 54 (16 age<60, 38 age≥60) patients.
††MTHFR genotyping missing for 10 (6 age<60, 4 age≥60) patients.
‡‡CBC lab data missing for 39 (11 age<60, 28 age≥60) patients.
BMI, body mass index; BRVO, branch retinal vein occlusion; CBC, complete blood count; CRVO, central retinal vein occlusion; MTHFR, 
methylenetetrahydrofolate reductase; RVO, retinal vein occlusion.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jophth.bm
j.com

/
B

M
J O

pen O
phth: first published as 10.1136/bm

jophth-2022-001139 on 2 N
ovem

ber 2022. D
ow

nloaded from
 

http://bmjophth.bmj.com/


6 Levi M, et al. BMJ Open Ophth 2022;7:e001139. doi:10.1136/bmjophth-2022-001139

Open access

for homocysteinemia, which had an adjusted OR of 4.26 
(95% CI: 1.74 to 11.14).

DISCUSSION
The prevalence of homocysteinemia in this popula-
tion of 312 patients with RVO was 150 (48.1%), with a 
median baseline homocysteine level of 12.80 (10.17, 
15.90) µmol/L. In the general US population, data from 
the National Health and Nutrition Examination Survey 
(NHANES) found a prevalence of homocysteinemia in 
18.5% (95% CI: 16.3% to 21.0%) of adults≥60 between 
2003 and 2006.31 In our study, for 241 adults≥60, the 
prevalence of homocysteinemia was 130 (53.9%). In the 
NHANES dataset, for adults from ages 40–59, the prev-
alence of homocysteinemia was 7.0% (95% CI: 5.6% to 
8.0%), while in our study the prevalence of homocystein-
emia was 20 of 71 (28.2%) in similarly aged adults<60.31 
Homocysteine levels increase with age due to a variety of 
factors, including decreased renal function and nutrition, 
and so this trend was expected in both our results and in 
NHANES.32 Importantly, the NHANES dataset defined 

elevated homocysteine as>13 µmol/L,31 the same cut- off 
used in our study. Comparing our results to the findings 
from the NHANES dataset suggest a higher prevalence 
of homocysteinemia in patients with RVO than similarly 
aged adults in the US general population. Considering 
that elevated homocysteine levels are associated with arte-
rial and venous thrombotic diseases, such as stroke and 
coronary artery disease, patients who present with RVO 
may warrant broader medical examination for related 
diseases.10–12 Additionally, the relatively high prevalence 
of homocysteinemia in RVO patients provides a strong 
rationale for testing baseline homocysteine levels in this 
patient population, a lab not currently covered by Medi-
care.33

Regarding the effect of vitamin supplementation on 
homocysteine levels in RVO patients, there was a statisti-
cally significant decrease in median homocysteine levels 
following recommendation of BCV only or combination 
MVI+BCV supplementation (figure 2A). Overall, in the 
follow- up cohort of 105 patients, 69 patients (65.7%) 
met the criteria for homocysteinemia before vitamin 

Table 2 Effect of vitamin supplementation in follow- up patients

Total follow- up patients 
(N=105)

Reported BCV use 
only (N=49)

Reported combination 
MVI+BCV use (N=56) P value

Demographics

  Age (median (IQR)) 72.00 (65.00, 79.00) 72.00 (66.00, 79.00) 71.00 (65.00, 77.25) 0.338

  BMI (median (IQR))* 28.44 (24.33, 32.47) 28.34 (25.93, 32.67) 29.30 (24.33, 32.42) 0.835

Sex (%)

  Female 55 (52.4) 26 (53.1) 29 (51.8) 1.000

Race/ethnicity (%)

  White 52 (49.5) 20 (40.8) 32 (57.1) 0.141

  Black 17 (16.2) 8 (16.3) 9 (16.1) 1.000

  Hispanic 32 (30.5) 19 (38.8) 13 (23.2) 0.130

  Other 4 (3.8) 2 (4.1) 2 (3.6) 1.000

Type of RVO (%) 0.004

  CRVO (non- ischaemic) 26 (24.8) 15 (30.6) 11 (19.6)

  CRVO (ischaemic) 30 (28.6) 16 (32.7) 14 (25.0)

  Hemi- CRVO (non- ischaemic) 3 (2.9) 0 (0.0) 3 (5.4)

  Hemi- CRVO (ischaemic) 10 (9.5) 0 (0.0) 10 (17.9)

  BRVO (non- ischaemic) 20 (19.0) 7 (14.3) 13 (23.2)

  BRVO (ischaemic) 16 (15.2) 11 (22.4) 5 (8.9)

Homocysteinemia (%)

  Off vitamins 69 (65.7) 33 (67.3) 36 (64.3) 0.902

  On vitamins 29 (27.6) 13 (26.5) 16 (28.6) 0.988

Homocysteine levels

  Off vitamins (median (IQR)) 14.50 (12.30, 17.90) 14.40 (12.30, 17.90) 14.60 (12.23, 18.90) 0.893

  On vitamins (median (IQR)) 10.70 (9.30, 13.50) 11.10 (9.30, 13.70) 10.35 (9.40, 13.20) 0.755

  Median of differences (median (IQR)) −3.30 (–5.40, –1.90) −3.40 (–5.20, –2.10) −3.30 (–6.12, –1.80) 0.992

*BMI data missing for 14 BCV use only patients, 3 combination MVI+BCV use patients.
BCV, B complex vitamin; BRVO, branch retinal vein occlusion; CRVO, central retinal vein occlusion; MVI, multivitamin; RVO, retinal vein 
occlusion.
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supplementation, while 29 (27.6%) met the criteria 
after vitamin supplementation, a significant reduc-
tion. BCV only supplementation was associated with a 
median homocysteine level reduction of −3.40 (−5.20, 
–2.10) µmol/L, decreasing median levels from 14.40 
(12.30, 17.90) to 11.10 (9.30, 13.70) µmol/L. Combi-
nation MVI+BCV supplementation was associated with 
a median homocysteine level reduction of −3.30 (−6.12, 
–1.80) µmol/L, decreasing median levels from 14.60 
(12.23, 18.90) to 10.35 (9.40, 13.20) µmol/L. When 
comparing the medians of differences in homocysteine 
reduction for each regimen followed, there was no statis-
tically significant difference (figure 2B). Additionally, 
multiple logistic regression found that having baseline 
homocysteinemia was associated with an outcome of at 
least 25% reduction in homocysteine levels following 
vitamin supplementation (figure 3). As homocystein-
emia potentially requires additional enzyme activity to 
metabolise, supplemental coenzymes in the form of B6, 
B9 and B12 may have helped catalyse these reactions, and 
resulted in a significant reduction in homocysteine.20 In 
patients with RVO, there is likely benefit in having the 
baseline B6, B9 and B12 levels determined to assess for 
obvious deficiencies in the homocysteine metabolism 
pathway.

Additionally, in our multiple logistic regression anal-
ysis, age, sex, type of RVO and having at least one MTHFR 
polymorphism did not have any statistical effect on the 
association of vitamin supplementation with lowering 
homocysteine levels by at least 25%. Taken together, our 
study suggests that supplementing with either BCV only 
or combination MVI+BCV is sufficient in lowering homo-
cysteine levels in patients with RVO, regardless of baseline 
demographics or genotyping. Based on the increased 
prevalence of homocysteinemia in older patients, 
screening this population for elevated homocysteine and 
potentially treating them with vitamin supplementation 
may be warranted. Importantly, no conclusion can be 
made from this study regarding whether lowering homo-
cysteine levels would have any effect on RVO incidence, 
prevention or progression.

Strengths
While the effects of vitamin supplementation on lowering 
homocysteine levels have been reported in the general 
population,25 26 our study identified a research gap in 
the present literature, as we could not find any studies 
demonstrating homocysteine levels in patients with RVO 
at baseline and following supplementation with BCV and 
MVI. Despite this study only taking place in New Jersey, 

Figure 2 Boxplots demonstrating association of vitamin supplementation on homocysteine levels. (A) Supplementation 
with B complex vitamin (BCV) only and combination multivitamin (MVI)+BCV were both associated with significantly reduced 
homocysteine levels in patients with retinal vein occlusion after 4–8 weeks of follow- up. (B) There was no statistically significant 
difference in the medians of differences following either supplementation regimen.
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the patient population consisted of a wide demographic 
that closely mirrored the NHANES dataset; specifically, 
our patients were 27.1% Hispanic, 15.5% black and 
52.6% white, while the NHANES population was 20.2% 
Mexican Americans, 20.8% non- Hispanic black and 
51.9% non- Hispanic white,31 which helps increase the 
generalisability of our study to the US population.

Limitations
Being a case series, our study lacked matched controls, 
limiting the conclusions we could make regarding our 
findings and the general population without RVO. As a 
single- centre study, our patient population was limited 
to a narrow geographic location, which limited general-
isability. We implemented an observational study design 
due to the logistic constraints of monitoring subjects’ 
daily vitamin intake, which limited our level of evidence. 
Despite our study finding an association with vitamin 
supplementation and reduced homocysteine levels in 
patients with RVO, it does not demonstrate an association 
between homocysteine reduction therapy and RVO inci-
dence, prevention or progression, and further research is 
needed in this area.

CONCLUSION
In this study, 150 of 312 (48.1%) patients with RVO met 
the criteria for diagnosis of homocysteinemia at baseline. 
The median homocysteine level of the baseline cohort 

of 312 patients was 12.80 (10.17, 15.90) µmol/L. For the 
follow- up cohort of 105 patients previously not supple-
mented with BCV or MVI who had homocysteine levels 
before and after vitamin supplementation, the median 
homocysteine level before supplementation was 14.50 
(12.30, 17.90) and 10.70 (9.30, 13.50) µmol/L after. 
Overall, 69 (65.7%) patients met the criteria for homo-
cysteinemia before vitamin supplementation, while 29 
(27.6%) met the criteria after vitamin supplementa-
tion, and hence vitamin supplementation was associated 
with a significant decrease in homocysteinemia in this 
subpopulation (p<0.001). Further research is needed 
to determine if homocysteine reduction with vitamin 
supplementation would be effective in reducing the inci-
dence or improving the disease progression in patients 
with RVO.
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