
Homocysteine (Hcy) is a non-protein amino acid natu-
rally occurring in the human body. There is accumulating 
evidence that increased Hcy plasma levels play an important 
role in several systemic and ocular vascular-related condi-
tions. As such, observational studies consistently report an 
association between total plasma Hcy concentrations and 
the risk of systemic microvascular complications, as well 
as with cardiovascular events [1,2]. Further, high plasma 
Hcy levels have been shown to be associated with coronary 
heart disease, stroke, peripheral artery stenosis, and venous 
thrombosis [3].

With respect to ocular conditions, recently published 
data support the hypothesis that increased Hcy levels also 

play an important role in ocular diseases. A meta-analysis 
pooling the data of 11 clinical studies reports that age-related 
macular degeneration (AMD) is associated with increased 
Hcy levels and decreased vitamin B12 concentration [4]. 
Further, a recently published study shows that elevated Hcy 
levels were associated with an increased risk of diabetic 
retinopathy, especially in type 2 diabetic patients [5]. These 
data indicate that high plasma Hcy concentrations may also 
play a role in the pathogenesis of vascular-related ocular 
diseases, which makes folate a potential candidate for dietary 
supplementation.

However, studies investigating the value of interventions 
using folic acid to lower Hcy and prevent vascular complica-
tions in the eye are sparse. A recent study investigating the 
association between folic acid supplementation and retinal 
atherosclerosis in patients with diabetes showed that folic acid 
supplementation was significantly associated with reduced 
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Purpose: The aim of the present study was to investigate the effect of a three-month dietary supplementation with a meth-
ylfolate formulation on homocysteine plasma concentrations and ocular blood flow parameters in patients with diabetes.
Methods: Twenty-four patients with diabetes received a dietary supplement (Oculofolin, Aprofol AG, Switzerland) 
containing 900 µg L‑methylfolate (levomefolate calcium or [6S]-5-methyltetrahydrofolic acid, calcium salt), methyl-
cobalamin, and other ingredients for three consecutive months. The patients’ plasma homocysteine concentration and 
retinal blood flow were assessed at baseline and after three months of folate intake. Retinal blood flow was measured 
using a custom-built dual-beam Doppler optical coherence tomography (OCT) system. In addition, flicker-induced retinal 
vasodilatation was assessed by means of a commercially available dynamic vessel analyzer (IMEDOS, Jena, Germany).
Results: Supplementation was well tolerated by all patients. After three months, plasma homocysteine concentration 
significantly decreased from 14.2 ± 9.3 to 9.6 ± 6.6 µmol/L (p < 0.001). In addition, a tendency toward an increased 
total retinal blood flow from 36.8 ± 12.9 to 39.2 ± 10.8 µl/min was observed, but this effect did not reach the level of 
significance (p = 0.11). Supplementation had no effect on retinal vessel diameter or flicker-induced vasodilatation.
Conclusions: The present data show that a three-month intake of a dietary supplement containing methylfolate can sig-
nificantly reduce blood homocysteine levels in patients with diabetes. This is of importance because higher homocysteine 
plasma levels have been found to be associated with an increased risk of vascular associated systemic diseases and eye 
diseases. Whether systemic methylfolate supplementation affects retinal perfusion must be studied in a larger population.
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risk of retinal atherosclerosis in females with hyperhomocys-
teinemia [6].

The current study was designed to further investigate 
the effect of a dietary supplement containing L-methylfolate 
on systemic Hcy concentrations and its potential effects on 
ocular blood flow. However, because the potential effect size 
of a folate supplementation on blood flow and systemic blood 
parameters is unclear, creating a proper statistical design for 
a large, controlled, randomized study is difficult. Thus, the 
present pilot study should (1) provide information about the 
Hcy-lowering potential of the formulation under study and 
(2) identify potential vascular-related outcome parameters for 
further, larger, placebo-controlled studies, as well as provide 
sufficient data to allow for proper statistical planning of such 
a study.

The primary objective of the study was to investigate 
whether a three-month supplementation with L-methylfolate 
and B vitamins can lower systemic plasma Hcy levels in 
patients with diabetes. Further, as a secondary outcome, 
ocular blood flow parameters and flicker-induced vasodilata-
tion in the ocular microcirculation were assessed at baseline 
and after the three-month supplementation period.

METHODS

Patients: The study protocol was approved by the Ethics 
Committee of the Medical University of Vienna. The study 
was performed in adherence to the guidelines of the Decla-
ration of Helsinki and Good Clinical Practice. Twenty-five 
patients with either type 1 or type 2 diabetes and mild or no 

diabetic retinopathy participated in this study. All patients 
passed a screening examination, including physical examina-
tion, blood pressure measurement, and ophthalmic examina-
tion. Exclusion criteria were an age < 18 years, ametropia 
> 6 dpt, best corrected visual acuity < 0.8, presence of any 
ocular pathologies except mild diabetic retinopathy, untreated 
systemic hypertension (defined as either systolic blood pres-
sure > 150 mmHg or diastolic blood pressure > 95 mmHg), 
clinically relevant illness before the study, pregnancy or lacta-
tion, and participation in a clinical study or intake of dietary 
supplements containing folate within the three months before 
the screening visit. Pupil dilation was achieved instilling one 
drop of 0.5% tropicamide (Mydriaticum “Agepha,” Agepha, 
Vienna, Austria). Measurements were taken after a resting 
period of 20 min to achieve stable hemodynamic conditions. 
Measurements were taken in the right eye of all patients in 
one major artery and one major vein. In addition, total retinal 
blood flow was measured in all retinal vessels.

Dietary supplement: Ocufolin™ forte, Aprofol AG, 
Switzerland

Dose: one capsule per day

Ocufolin™ forte is registered as a dietary supplement 
(DS) or as food for special medical purposes (FSMP), 
depending on the regulation of the country where it is regis-
tered. Its ingredients are listed in Table 1.

Doppler optical coherence tomography measurements: A 
dual-beam bidirectional Doppler optical coherence tomog-
raphy (D-OCT) system was used in the present study, as 

Table 1. Formulation of the dietary supplement used.

Ingredient Amount
Folate (as (6S)-5-methyltetrahydrofolic acid, calcium salt) 900 µg
Vitamin C (Ca-Ascorbate) 45 mg
Vitamin D (as Cholecalciferol) 37.5 µg
Vitamin E Natural Tocopherols (as Alpha, Beta, Gamma, & Delta) 5 mg
Vitamin B1 (As Thiamine Hydrochloride) 1.5 mg
Vitamin B2 (Riboflavin) 10 mg
Vitamin B6 (as Pyridoxal-5-Phosphate) 3 mg
Vitamin B12 (as Methylcobalamin) 500 µg
Pantothenic Acid (as Calcium-D-Pantothenate) 5 mg
Zinc (as Zinc Acetate) 25 mg
Selenium (as L- Selenomethionine) 20 µg
Copper (as Cupric Gluconate) 667 µg
N-Acetyl Cysteine (NAC) 180 mg
Lutein 10 mg
Zeaxanthin 2 mg
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described in detail previously [7–9]. The device is based on a 
broadband superluminescent diode with a central wavelength 
of 840 nm (spectral bandwidth, 54 nm) and two charge-
coupled device (CCD) cameras, which provides a tissue 
resolution of approximately 6 μm and 18 μm in the axial and 
transversal directions, respectively. The retinal vessel under 
study was illuminated by two probe beams separated by 
their polarization properties under a known angle Δα. Light 
backscattered and back-reflected from the sample (i.e., the 
retinal vessel under study) was spectrally detected by two 
identical spectrometers. Signal post-processing, including 
segmentation of vessels and calculation of the phase shift 
due to moving erythrocytes within the vessels, was semiauto-
mated using custom software (written in LabVIEW; National 
Instruments; Austin, TX) as outlined previously [7].

D-OCT gives readings of blood flow (µl per min) as well 
as blood flow velocity (mL per s). Measurements of vessel 
caliber (in µm) were obtained from the OCT phase images, 
as described in detail elsewhere [10]. With respect to vessel 
caliber measurements using this method, Fondi et al. recently 
demonstrated high interobserver reproducibility and a high 
level of agreement with vessel caliber measurements as 
obtained from fundus images [10]. Diffuse luminance flicker 
was applied during the measurements for 60 s.

Measurement of retinal vessel diameters and flicker-induced 
vasodilatation: For the assessment of retinal vessel diameters, 
a commercially available dynamic vessel analyzer (DVA, 
Imedos, Jena, Germany) was used. The DVA comprises a 
fundus camera, a video camera, a real-time monitor, and 
a personal computer with analyzing software for accurate 
determination of retinal arterial and venous diameters [11]. 
Every second, a maximum of 25 readings of vessel diameters 
can be obtained. For the purpose of diameter measurement, 
the fundus is imaged onto the CCD chip of the video camera. 
The consecutive fundus images are digitized using a frame 
grabber. In addition, the fundus image can be inspected on 
the real-time monitor and digitally stored for further analysis. 
Due to the absorptive properties of hemoglobin, each blood 
vessel has a specific transmittance profile. The measurement 
of retinal vessel diameters is based on adaptive algorithms 
using these specific profiles. Whenever a specific vessel 
profile is recognized, the DVA is able to follow this vessel 
as long as it appears within the measurement window. This 
means that the system automatically corrects for alterations in 
luminance induced, for instance, by slight eye movements. If 
the requirements for the assessment of retinal vessel diameters 
are not fulfilled, as during blinks, the system automatically 
stops measuring the vessel diameter. As soon as an adequate 

fundus image is achieved again, the measurement of vessel 
diameters restarts automatically.

The built-in stimulation system of the DVA was used for 
flicker stimulation. This system uses a shutter that interrupts 
the observation illumination to the fundus camera, which 
generates a square wave stimulation pattern with a frequency 
of 12.5 Hz and a modulation depth of 100%. Vessel diameter 
measurements were performed for 60 s at baseline and for 60 
s during flicker stimulation.

Measurement of blood pressure and pulse rate: Systolic, 
diastolic and mean arterial blood pressures (SBP, DBP, MAP) 
were measured in the upper arm by an automated oscillo-
metric device (Infinity Delta, Draeger Medical Systems, 
Telford, PA). The pulse rate was automatically recorded with 
a finger oxymetric device connected to the same device.

Determination of plasma homocysteine levels: After an over-
night fast, blood was drawn into ethylenediaminetetraacetic 
acid (EDTA) tubes from all patients at the beginning of days 
one and two of the study. The tubes were immediately put on 
ice and sent to the central laboratory of the Medical Univer-
sity of Vienna. Determination of Hcy levels was done by 
the chemiluminescent one-step microparticle immunoassay 
method [12].

Intraocular pressure: Intraocular pressure was measured 
using a slit lamp–mounted Goldmann applanation tonom-
eter. Before each measurement, one drop of oxybuprocain 
hydrochloride combined with sodium fluorescein was used 
for local anesthesia of the cornea.

Experimental paradigm: Two study days were scheduled 
for all patients. On the first study day, blood was drawn to 
obtain plasma Hcy levels and capillary blood glucose levels. 
Afterwards, one drop of mydriaticum was instilled into the 
eye under study for pupil dilatation. After a resting period 
of at least 20 min to ensure constant hemodynamic condi-
tions, retinal vessel diameters and oxygen saturation were 
measured with a DVA, and retinal blood flow was measured 
using D-OCT. Blood pressure, heart rate, and intraocular 
pressure were assessed after blood flow was measured. The 
same procedures were performed on the second study day 
(day 84 ± 7) as on day one.

Statistical analysis: Data are presented as mean ± standard 
deviation (SD). Statistical analysis was done per-protocol 
analysis. The plasma Hcy level was defined as the main 
outcome variable. To detect differences between the two 
study days, a paired t test was applied for the analysis of all 
outcome variables. The values during flicker stimulation 
were calculated as the average of the last 20 s of the stimula-
tion period. Flicker responses in retinal vessel diameters were 
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expressed as the percentage of change over baseline values 
[(flicker − baseline) × 100/baseline]. A p value < 0.05 was 
considered as the level of significance.

RESULTS

A total of 25 patients between 18 and 75 years (mean: 
49.4 ± 18.9 years) with diabetes type 1 (n = 10) and diabetes 
type 2 (n = 15) were included. Among these, one patient 
was excluded because of a serious adverse event unrelated 
to the study. For a second patient, the second visit did not 
occur within the proposed timeline but three weeks ahead 
of schedule. As this patient completed both study visits, the 
patient was not excluded from analysis. For all other patients, 
the second visit was performed 84 ± 7 days after the first 
(mean time between visits: 84 ± 6 days). In summary, 24 
patients (10 male and 14 female) were included in the statis-
tical analysis.

Plasma homocysteine concentration: The mean duration of 
diabetes in the whole study group was 14.6 ± 12.3 years. After 
three months of Ocufolin forte intake, plasma Hcy levels 
significantly decreased from 14.2 ± 9.3 to 9.6 ± 6.6 µmol/L 
(p < 0.001 versus baseline, Figure 1). This corresponds to a 
mean decrease of 32 ± 19%.

Retinal hemodynamics: No changes in retinal arterial or 
venous vessel diameters were observed after Ocufolin 

administration. Stimulation with flickering light increased 
retinal arterial diameter by 2.4 ± 2.7%, from 127.7 ± 18.1 to 
130.9 ± 19.4 µm on study day one (p < 0.001). On study day 
two, a similar response was observed (1.8 ± 3.3% increase 
in diameter, from 126.7 ± 18.3 to 128.9 ± 18.2 µm, p = 0.01). 
No difference between the two study days in the increase in 
arterial diameter during stimulation with flickering light was 
observed (p = 0.46).

Retinal venous diameter also showed a significant 
increase during stimulation with flickering light on study day 
one (from 159.3 ± 20.5 to 167.6 ± 22.0µm, p < 0.001) as well 
as on study day two (from 160.4 ± 22.1 to 166.0 ± 21.8 µm, 
p < 0.001). The increase on the two study days was 5.2 ± 3.2% 
and 3.7 ± 3.1%, respectively (p = 0.10).

Stimulation with flickering light increased retinal arte-
rial blood flow from 9.1 ± 4.3 to 13.7 ± 6.4 µl/min on study 
day one (p < 0.001). On study day two, a similar response 
was observed (increase in blood f low from 9.2 ± 4.7 to 
11.9 ± 5.0 µl/min, p < 0.01). No difference was observed 
between the two study days (p = 0.68).

Retinal venous blood flow also showed a significant 
increase during stimulation with flickering light on study day 
one (from 9.9 ± 5.2 to 13.7 ± 7.7 µl/min, p < 0.01) as well as on 
study day two (from 10.1 ± 6.2 to 14.5 ± 7.4 µl/min, p < 0.01).

Figure 1. Plasma Hcy levels on both 
study days. * Significant on study 
day 2 vs. study day 1 (p<0.001). 
Data are presented as mean ± 0.95 
CI ± SD (n=24).
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In 13 patients, measurements of total retinal blood flow 
could be obtained for both study days (Figure 2), while in the 
other patients, not all measurements were evaluable. After a 
three-month supplementation, a tendency toward an increased 
total retinal blood flow was observed, from 36.8 ± 12.9 µl/
min to 39.2 ± 10.8 µl/min, but this effect did not reach the 
level of significance (p = 0.11).

In addition, a small but significant decrease in intraocular 
pressure was observed, from 14.8 ± 3.0 to 13.4 ± 2.2 mmHg 
(p < 0.02).

DISCUSSION

The aim of the present study was to investigate whether 
a combination of L-methylfolate and other supplements 
could alter systemic Hcy plasma concentration in patients 
with diabetes. The study met its primary goal and showed 
that, after a three-month supplementation, plasma Hcy 
levels significantly decreased from 14.2 ± 9.3 µmol/L to 
9.6  ± 6.6  µmol/L, corresponding to a mean decrease of 
32% ± 19%. As a secondary outcome, the current study 
indicates that there is a tendency toward an increased total 
retinal blood flow.

Chemically speaking, Hcy is a key intermediate in 
the metabolism of methionine and is converted by trans-
sulfuration to cysteine or by methionine synthase back to 

methionine. Given that these enzymatic reactions depend on 
an adequate supply of folate and other micronutrients, a lack 
of folate results in the accumulation of Hcy and its active 
metabolite Hcy-thiolactone in the blood. Conversely, it has 
been shown that high dietary folate intake is associated with 
lower plasma Hcy levels and that supplementation with folate 
and vitamin B12 lowers plasma Hcy levels [13,14].

There is increasing evidence that Hcy plays a role in 
the pathogenesis of diabetic retinopathy. Higher Hcy levels 
have consistently been found in the plasma and the vitreous 
of patients with diabetic retinopathy compared to those of 
non-diabetic subjects [15–17]. Further, patients with prolif-
erative diabetic retinopathy show higher Hcy concentrations 
compared to patients with non-proliferative diabetic reti-
nopathy or diabetics without retinopathy, indicating that Hcy 
levels are associated with the severity of diabetic retinopathy 
[18]. Along this line of thought, human donor retinas with 
established diabetic retinopathy have been shown to have 
considerably higher Hcy levels than those of age-matched 
non-diabetic donors. In addition, more recent evidence 
indicates that the observed increased retinal Hcy levels may 
be attributed to compromised Hcy recycling in diabetic reti-
nopathy [19].

Our data shows that, in patients with diabetes, a three-
month supplementation with L-methylfolate in combination 
with other ingredients leads to an average decrease of plasma 

Figure 2. Total retinal blood flow on 
both study days. Data are presented 
as mean ± 0.95 CI ± SD, n=13.
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Hcy of 4.6 µmol/l, or 32%. This pronounced decrease in 
plasma Hcy is at the upper end of effects found in studies 
using other formulations containing folate or folic acid. In 
particular, a previous study showed that a 2.5 mg folic acid 
administration in women led to an 18% reduction in Hcy 
levels [20]. Further, a meta-analysis comprising 25 studies, 
including more than 2,500 subjects, found that co-admin-
istration of folic acid (0.8–5 mg) and vitamin B12 (0.4 mg) 
resulted in an Hcy-lowering effect of approximately 30% in a 
population with a typical Hcy concentrations of 10–12µmol/L 
[13].

Previous studies have also found Hcy-lowering effects in 
patients with diabetes. In a study using 3 mg L-methylfolate 
calcium supplementation in patients with type 2 diabetes, 
a decrease in Hcy levels of 2.68 µmol/l was found after a 
24-week treatment [21]. Daily intake of 800 µg folic acid for 
eight weeks reduced Hcy levels by 22% in women with type 
2 diabetes [22]. In men with type 2 diabetes, a reduction of 
20% was reported [23].

Considering these previously published studies, the 
observed decrease in plasma Hcy might be of particular 
clinical interest. As stated previously, higher Hcy levels are 
a consistent risk factor for ocular diseases such as AMD 
[4,24], diabetic retinopathy [18,25], and glaucoma [26-28]. 
Meta-analyses investigating the effect of folic acid supple-
mentation on stroke prevention, as well as on reducing the 
risk for cardiovascular or cerebrovascular events, found 
a greater benefit in patients with a decrease in Hcy levels 
of 25% or more, depending on the baseline values [29,30]. 
Thus, one could hypothesize that supplementation with 
folate to lower Hcy levels might be beneficial in this group 
of patients. However, longitudinal, randomized, controlled 
studies are warranted to confirm the clinical effect of folate 
supplementation.

As a secondary outcome, the study aimed to investigate 
the effect of folate substitution on ocular perfusion param-
eters. Our data show that a three-month supplementation had 
no effect on baseline retinal vessel diameters and flicker-
induced vasodilatation. To assess neurovascular coupling, 
f licker-induced vasodilatation was measured. Although 
a significant response of about 2% in the retinal arterial 
diameter and about 4.5% in the retinal veins were found, this 
response is lower than that reported for healthy subjects in 
the literature [31-33]. This response is in line with the results 
found other studies investigating in patients with diabetes 
with no or mild non-proliferative diabetic retinopathy, corre-
sponding to the present study population [31,32]. However, 

folate substitution had no inf luence on f licker-induced 
vasodilatation.

Finally, in a subgroup of 13 patients, measurements of 
the total retinal blood flow were obtained on both study days. 
Our data show a numerical increase in total retinal blood flow 
from 36.8 ± 12.9 to 39.2 ± 10.8 µl/min. Although this effect 
did not reach the level of significance, our data could serve 
as a basis to calculate the sample size for a larger study with 
a double-masked, randomized controlled study design. As a 
blood flow–increasing effect of folate supplementation has 
not yet been identified, further studies need to be performed 
to assess its potential effect on retinal blood flow.

Several limitations must be mentioned when considering 
the current study’s results. First, as this was a pilot study, a 
non-controlled design was chosen and relatively few patients 
were included. As this study was designed mainly to assess 
changes in subjects’ plasma Hcy, this approach was accept-
able to estimate the effect size of the intervention and for the 
statistical planning of subsequent trials. Based on this data, 
larger trials will be planned to assess the dose-relationship 
and the possible effect of folate administration on retinal 
blood f low. Larger sample sizes will also allow for the 
analysis of specific subgroups to investigate the effect of 
supplementation in relation to age and sex, which was not 
possible in the current study due to the small sample size.

Second, administration of the supplement was limited to 
three months. Although we observed a pronounced decrease 
in plasma Hcy levels, we cannot exclude that a longer admin-
istration would have led to an even stronger decrease. Third, 
the formulation used in the current study included a variety of 
vitamins and minerals. Thus, in the strictest sense, the conclu-
sions drawn hold true for the vitamin combination outlined in 
Table 1 and may not reflect the effect of other combinations 
differing in dosing and composition. Finally, baseline folate 
levels were not measured in the current experiment. As the 
effect of folate substitution may depend on baseline folate 
levels, information regarding baseline folate plasma levels 
might help to explain differences in plasma Hcy in response 
to supplementation.

In conclusion, the present data show that a three-month 
oral supplementation of L-methylfolate and additional dietary 
supplements is safe and capable of significantly reducing 
blood Hcy levels. This may be of clinical importance, since 
higher Hcy plasma levels have been found to be associated 
with an increased risk for vascular-related systemic and 
ocular diseases. Further studies are required to assess the 
clinical effect of a long-term administration of folate.
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