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Introduction
Diabetic retinopathy (DR) is a microangiopathic complication of diabetes and the
leading cause of vision loss in working-age adults.1 Approximately 1 in 3 people
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Objective: There is little evidence of real-life outcomes of dietary supplementation
with high-dose docosahexaenoic acid (DHA) and carotenoids in patients with diabetic
retinopathy (DR). We assessed the effect of supplementation with DHA triglyceride (1,050 mg/d) +
xanthophyll carotenoid multivitamin on macular function in nonproliferative DR.
Methods: Asymptomatic patients with nonproliferative DR were included in a prospective
controlled study and assigned (1:1) to the DHA supplementation group or the control group.
Macular sensitivity and macular integrity area were the main outcome measures. Functional
vision measures (macular function [MAIA™ CenterVue], best-corrected visual acuity), structural retinal measures (central subfield macular thickness), and biochemical parameters (plasma
total antioxidant capacity, DHA content of the erythrocyte membrane, and plasma IL-6) were
evaluated at baseline and after 45 and 90 days of DHA supplementation.
Results: The study included 24 patients (48 eyes) (12 patients, 24 eyes in each group). Baseline
clinical characteristics of patients in both groups were similar. Macular sensitivity increased
from a mean (SD) of 25.9 (2.4) dB at baseline to 27.3 (2.3) dB at 90 days (P=0.030) in the
DHA group only (between-group differences P,0.19). The macular integrity index decreased
from 71.2 (33.2) at baseline to 63.5 (36.4) at 45 days and to 51.6 (35.9) at 90 days (P=0.002)
in the DHA group only (between-group differences P,0.05). Best-corrected visual acuity and
central subfield macular thickness did not vary significantly in any of the comparisons and in
none of the groups. DHA content of erythrocyte membrane and total antioxidant capacity levels
increased significantly only in the DHA group. Plasma IL-6 levels decreased significantly only
in the DHA group.
Conclusion: In an early stage of DR, supplementation with high-dose DHA plus xanthophyll
carotenoid multivitamin during 90 days was associated with a progressive and significant
improvement of macular function measured by microperimetry. Biochemical changes supported the effect of DHA.
Keywords: microperimetry, nonproliferative diabetic retinopathy, macular function, docosahexaenoic acid, macular sensitivity, macular integrity index, prospective controlled study
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living with diabetes have some degree of DR, and 1 in
10 will develop a vision-threatening form of the disease.
Diabetes mellitus is becoming a global epidemic, with 415
million people having diabetes, and the number is expected
to increase to 642 million by 2040.2 Approximately 75%
of the global diabetes burden occurs in low- and middleincome countries, and 46.5% of adults with the disease are
underdiagnosed.2 These alarming statistics urgently require
effective strategies for prevention, early diagnosis, and
appropriate treatment. Good glycemic control and treatment
of modifiable risk factors have been extensively recognized
as essential factors for the successful ophthalmic care of
patients with diabetes.3–5
The pathogenesis of DR is multifactorial, and a number
of interconnecting events including capillary endothelial
vascular dysfunction and retinal pericyte loss as a result of
hyperglycemia; local inflammatory activity with upregulation of proinflammatory mediators, interleukins, and growth
factors; cellular hypoxia; oxidative stress; breakdown of the
blood–retinal barrier; and retinal neurodegeneration have
been reported.6–11 Full understanding and the sequence of
these underlying mechanisms remains unclear. The pleotropic mechanisms of action of long-chain polyunsaturated
fatty acids (ω-3 PUFAs), particularly docosahexaenoic
acid (DHA),12–22 as well as the xanthophylls, lutein and
zeaxanthin,23–25 are involved in the molecular pathways
implicated in DR (Figure 1)15,17,23–34 and support the rationale
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of dietary supplementation with DHA and xanthophyll
carotenoids in DR.
However, there is little evidence of real-life outcomes
of dietary supplementation with DHA in patients with DR.
In a randomized controlled study of patients with diabetic
macular edema (DME) treated with intravitreal ranibizumab,
the addition of a dietary supplement rich in DHA reduced
macular thickness after 2 years of follow-up as compared
with ranibizumab alone.35 This anatomical improvement was
accompanied by a trend for an amelioration of visual acuity.35
In patients with DR and well-controlled diabetes, increasing
PUFA intake was associated with a reduced likelihood of the
presence and severity of DR.36 Interestingly, in a study of
lipidomic analyses on red blood cell membranes from controls
and type 2 diabetes patients, a significant decrease in levels of
DHA and arachidonic acid in erythrocytes of diabetic patients
with and without retinopathy was observed.37 This observations provide a good rationale to supplement the diet with
DHA, although DHA is mainly used for its anti-inflammatory,
antioxidant, and antiangiogenic effects.14–17,22
The possibility that DHA supplementation could
prevent the progression of DR acting on an early stage
of the disease is an appealing hypothesis. To this end, a
prospective controlled study was designed to assess the
effectiveness of dietary supplementation with a high rich
DHA oral nutraceutical formulation in patients with nonproliferative DR (NPDR). Microperimetry, a relatively new
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Figure 1 Effects of DHA/ω-3 fatty acids and lutein/zeaxanthin on pathways leading to DR.
Abbreviations: DHA, docosahexaenoic acid; DR, diabetic retinopathy.
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and extremely sensitive method for studying retinal and
optic nerve diseases, was used to assess macular function.
Evaluation of subtle changes in macular function with an
objective method, such as microperimetry, may support
the advantage of early DHA supplementation in diabetic
subjects with incipient DR. To our knowledge, studies on
macular function using microperimetry in asymptomatic
patients with type 2 diabetes and NPDR have not been
previously reported.

Methods
This study was approved by the Ethics Committee of Hospital
Universitario Virgen de la Arrixaca (Murcia, Spain) and
adhered to the tenets of the Declaration of Helsinki. All
participants provided written informed consent. The study
was registered in the European Clinical Trials Database
(EudraCT) (EudraCT trial number 2017-000856-25 for the
Sponsor’s Protocol code number DHA/RDNP).

Study design and participants
A prospective controlled study was conducted at the outpatient clinics of the Service of Ophthalmology of an 860bed acute care teaching hospital in Murcia, Spain. Patients
of both sexes aged .18 years were invited to participate
in the study during an ophthalmologic appointment at the
study center. All patients had type 2 diabetes mellitus and
were asymptomatic at the time of enrollment. They had been
diagnosed with NPDR elsewhere and were referred to our
service for a full vision evaluation between June 2014 and
June 2016. The diagnosis of NPDR in all referred asymptomatic type 2 diabetes patients was confirmed, with fundus
examination showing the presence of microaneurysms and
some isolated hard exudate. Clinically significant macular
edema was absent. Patients unable to participate in the study
according to the criteria of the ophthalmologist and those
who refused to sign the written consent were excluded from
the study as were patients using vitamin/mineral or fatty
acids supplements and those with hypersensitivity to these
compounds.

Study intervention
Each participant contributed 2 study eyes to the protocol.
The diagnosis of NPDR according to criteria of the Early
Treatment Diabetic Retinopathy Study (ETDRS)38 was confirmed before enrollment. The diagnosis was based on clinical
examination and retinography and was made by 2 specialized
ophthalmologists. Study patients were consecutively assigned
with a 1:1 sequential allocation to the DHA supplementation
(experimental) group or to the control group. The inclusion
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criteria were identical for all study patients. Subjects in the
control group received no treatment at all and were masked
regarding the existence of the experimental group. Patients
in the DHA group received a high rich DHA (1,050 mg/d)
nutraceutical formulation (Brudyretina 1.5 g; Brudy Lab,
S.L., Barcelona, Spain). This is a concentrated DHA triglyceride having a high antioxidant activity patented to prevent
cellular oxidative damage.39,40 Table 1 shows the composition
of the nutraceutical formulation, which includes a high dose
of DHA (1 g), eicosapentaenoic acid, a mixture of B vitamins,
vitamins C and E, lutein, zeaxanthin, and minerals. All fatty
acids were present in the form of triglycerides (.95%)
or ethyl esters (,5%). Patients were instructed to take
3 capsules of Brudyretina 1.5 g once daily. The treatment
evaluator (M.E.R.G-H.) was masked of which subjects were
receiving DHA supplementation.

Study procedures and outcome
The duration of the study was 90 days. All patients were
evaluated at baseline and at 45 and 90 days thereafter. At
each visit, best-corrected visual acuity (BCVA) and measurement of central subfield macular thickness (CSMT)
by spectral-domain optical coherence tomography (Cirrus
HD-OCT, Carl Zeiss Meditec, Dublin, CA, USA) were
assessed. BCVA was assessed using the ETDRS optotype
at 2 m distance from the observer. Other investigations
included retinography (VISUCAM®PRO NM, Zeiss) and
assessment of macular function by microperimetry (MAIA
1™ CenterVue, Topcon España, S.A., Sant Just Desvern,
Barcelona, Spain). Macular function included assessment of
retinal sensitivity (10° diameter area) and macular integrity
index. The MAIA sensitivity scale is 0–36 dB. The macular integrity index is a numerical value that describes the
likelihood that a patient’s responses are normal, suspect, or
abnormal when compared to age-adjusted normative data.
Higher numbers suggest a greater likelihood of abnormal
findings, while lower values suggest a greater likelihood of
normal findings.
At the beginning of the study and at 90 days, the following were measured: erythrocyte membrane DHA content, plasma total antioxidant capacity (TAC), and plasma
levels of IL-6. The National Eye Institute Visual Function
Questionnaire-25 (NEI-VFQ-25)41 was also evaluated at
baseline and at 45 and 90 days. Total score of the NEIVFQ-25 ranges between 0 and 100 (a high score represents
better functioning).
At each visit, the nutraceutical formulation was delivered
to the patient for 45-day treatment. Compliance with DHA

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

1013

Dovepress

Rodríguez González-Herrero et al

Clinical Ophthalmology downloaded from https://www.dovepress.com/ by 80.169.74.122 on 29-May-2018
For personal use only.

Table 1 Composition of Brudyretina 1.5 g (Brudy Lab S.L.), per capsule
Composition

Per
capsule

Recommended
daily amount (%)

Per 3
capsules

Recommended
daily amount (%)

Concentrated oil in ω-3 fatty acids
TG-DHA 70%
EPA 8.5%
DPA 6%
Xanthophylls
Lutein
Zeaxanthin
Glutathione
Vitamins
Vitamin B1 (thiamine)
Vitamin B2 (rivoflavin)
Vitamin B3 (niacin/niacinamide)
Vitamin B6 (pyridoxine)
Vitamin B9 (folic acid)
Vitamin B12 (cobalamin)
Vitamin C (ascorbic acid)
Vitamin E (d-α-tocopherol)
Essential trace elements
Zinc
Cooper
Selenium
Magnesium

500 mg
350 mg
42.5 mg
30 mg

–
–
–

1,500 mg
1,050 mg
127 mg
90 mg

–
–
–

3 mg
0.3 mg
2 mg

–
–
–

9 mg
0.9 mg
6 mg

–
–
–

0.37 mg
0.47 mg
5.3 mg NE
0.47 mg
66.7 µg
0.83 µg
26.7 mg
4 mg α-TE

33
33
33
33
33
33
33
33

1.1 mg
1.4 mg
16 mg NE
1.4 mg
200 µg
2.5 µg
80 mg
12 mg α-TE

100
100
100
100
100
100
100
100

1.66 mg
0.16 mg
9.16 µg
0.33 mg

16.66
16.66
16.66
16.66

5 mg
0.5 mg
27.5 µg
1 mg

50
50
50
50

Note: Patients in the supplementation group took 3 capsules a day.
Abbreviations: TG-DHA, triglyceride-bound DHA; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; DPA, docosapentaenoic acid; NE, niacid equivalent;
TE, tocopherol equivalent.

supplementation was assessed at the study visits by return of
supplementation tablet counts and analytical data, especially
erythrocyte membrane DHA content. Ophthalmologists paid
special care to insist on the importance of compliance with
the dietary supplement and the benefit that the patient may
receive from the supplement.
TAC in plasma samples was measured using the
OxiSelect Total Capacity Assay kit (STA-360, Cell Biolabs
Inc., San Diego, CA, USA) following the manufacturer’s
instructions. High values in the TAC assay reflect high antioxidant capacity (ie, greater protection). Uric acid equivalent
was used to calculate copper-reducing equivalent values (µM
copper-reducing equivalent). The composition of fatty acids
on the erythrocyte membrane (ω-3 DHA) was determined
using the method described by Lepage and Roy,42 analyzed
by gas chromatography–mass spectrometry and identified by
comparing the elution pattern and relative retention times
of fatty acid (FA) methyl esters with a reference FA methyl
esters mixture (GLC-744 Nu-Chek Prep. Inc., Elysian, MN,
USA). The results were expressed in relative amounts (% of
total FA). Plasma levels of IL-6 were measured by a solidphase sandwich enzyme-linked immunosorbent assay with
a commercial kit (Human IL-6 ELISA Kit, Cat. No 950.030
purchased from Diaclone SAS, Besancon Cedex, France).
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This assay recognizes both natural and recombinant human
IL-6. The instructions provided by the manufacturer were
followed for the qualitative and quantitative determination
of IL-6. The samples or standards were added in wells of
the microtiter strip plate coated with anti-IL-6 monoclonal.
Then, a biotin-conjugated monoclonal anti-IL-6 antibody was
added and bonded to IL-6 captured by the first antibody. Later
enzyme-linked secondary antibody (Streptavidin-HRP) was
added, and bonded to detecting antibody. Ultimately, a chromogen substrate was added and enzymatically converted to
detectable form by absorbance and measured at a wavelength
of 450 nm with a microplate reader Synergy H1 Hybrid
Multimode (BioTek Instruments, Winooski, VT, USA).
The primary outcome of the study was the changes in
macular sensitivity and macular integrity index during the
study period. Secondary outcome variables were BCVA,
CSMT, plasma TAC, erythrocyte membrane DHA content,
plasma IL-6 levels, and the NEI-VFQ-25 score.

Statistical analysis
The sample size calculation was based macular sensitivity as
the main variable of the study. Considering a standard deviation of 2.3 dB as reported by Roisman et al43 with a precision
of 1.7 dB, an α risk of 5% and a power of 80%, the sample
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,0.001
,0.015
,0.011
0.510
,0.001a
,0.005a
129.1±28.4
3.2±1.1
162.8±40.9a
3.2±1.0a
ND
ND
117.7±22.2
2.9±1.4
121.3±33.4a
4.7±1.4a

ND
ND

,0.001
0.778
,0.001a
3.6±1.2
5.6±0.8a
ND
3.5±0.3
3.9±0.6a

ND

0.181
1
0.932
295.8±43.3
279.2±23.5
298.3±53.3
280.0±22.8

,0.19
,0.05
0.987
,0.037
0.179
1
0.346
0.49
,0.030a
0.002;a 0.03b
0.334
0.22
25.8±2.6
71.8±35.7
0.72±0.27
73.6±20.6
27.3±2.3a
51.6±35.9a,b
0.76±0.31
91.4±5.3

Controls
(12 subjects,
24 eyes)
DHA group
(12 subjects,
24 eyes)

P-value

Controls
(12 subjects,
24 eyes)
DHA group
(12 subjects,
24 eyes)

90 Days

Controls
(12 subjects,
24 eyes)

25.1±3.9
72.1±33.7
0.67±0.26
76.3±15.3
26.4±2.6
63.5±36.4b
0.67±0.35
88.2±7.8
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Notes: Data are expressed as mean ± standard deviation. aP-values for pairwise comparisons of data. bP-values for pairwise comparisons of data.
Abbreviations: DHA, docosahexaenoic acid; BCVA, best-corrected visual acuity; NEI-VFQ-25, National Eye Institute Visual Function Questionnaire, near activities subscale score; CSMT, central subfield macular thickness; TAC, total
antioxidant capacity; IL-6, interleukin 6; ND, not determined.

Note: Data expressed as number of patients unless otherwise stated.
Abbreviations: DHA, docosahexaenoic acid; BMI, body mass index.

295.1±50.5

2
3
10
6
3
0
0
2

281.9±20.9

2
4
9
5
3
1
1
2

24.8±3.6
73.1±35.0
0.66±0.26
77.2±16.3

8
4
63.3 (46–79)
4
3

25.9±2.4a
71.2±33.2a
0.70±0.32
87.0±9.6

9
3
58 (36–77)
3
0

Functional vision measures
Macular sensitivity, dB
Macular integrity index
BCVA (ETDRS letters)
NEI-VFQ-25 score
Structural retina measures
CSMT, µm
Biochemical measures
DHA erythrocyte membrane (% total
fatty acids)
Plasma TAC, µM Cu-reducing equivalent
Plasma IL-6, pg/mL

Controls
(n=12)

DHA group
(12 subjects,
24 eyes)

Gender
Men
Women
Age, years, mean (range)
Overweight, BMI $25 kg/m2
Current smokers
Comorbidities
Metabolic syndrome
Renal dysfunction
Hypertension
Dyslipidemia
Cardiac diseases
Chronic liver dysfunction
Peripheral artery disease
Obstructive sleep apnea

DHA group
(n=12)

45 Days

Data

Controls
(12 subjects,
24 eyes)

Table 2 Demographics and clinical characteristics of the study
population

DHA group
(12 subjects,
24 eyes)

A total of 62 eyes from 31 patients diagnosed with NPDR
were referred for a full vision evaluation during the study
period, but 7 patients (14 eyes) were excluded because of the
presence of neovessels, high risk for proliferative retinopathy,
or doubts regarding adherence to the study protocol. No drop
outs were recorded, and results were based on analysis of
the per-protocol data set. The study population included
24 patients (48 eyes) with type 2 diabetes. There were
17 men and 7 women, with a mean age of 60.6 years (range
36–79 years). As shown in Table 2, the clinical characteristics
of patients were similar in the 2 study groups.
The mean ± SD values of all study variables at baseline
and at 45 and 90 days are shown in Table 3. In relation to the
primary outcome of the study (Figure 2), macular sensitivity

Baseline

Results

Study variables

size per group was 23 eyes. Assuming 5% losses at follow-up,
24 eyes per group were needed (total 48 eyes).
Analysis of visual function tests, including microperimetry, BCVA, and CSMT, was based on 48 eyes (24 eyes in each
study group), whereas analysis of laboratory tests was based
on 24 patients (12 patients in each study group). Categorical
data are expressed as frequencies and percentages and continuous data as mean and standard deviation (±SD). Mixed
linear model analysis was used to assess differences in the
study variables between DHA supplementation and control
groups over the 90-day study period (covariate: baseline data
of variables; random factor: patients). Statistical significance
was set at P,0.05. Statistical analyses were performed with
the Statistical Package for the Social Sciences, version 11.0
software (SPSS Inc., Chicago, IL, USA).

P-value
DHA vs
controls

Microperimetry and early diabetic retinopathy

Table 3 Changes of macular function variables, visual acuity, CSMT, biochemical markers, and vision-related quality of life from baseline to 90 days after treatment with DHA
supplementation as compared with controls
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Figure 2 Changes of macular sensitivity (A) and macular integrity index (B) in the 2 study groups at 90 days as compared with baseline (n=24 eyes in each study group).
Notes: Macular integrity index: P=0.002 as compared with baseline, P=0.03 as compared with 1.5 months.

increased from a mean of 25.9±2.4 dB at baseline to
27.3±2.3 dB at 90 days (P=0.030) only in the DHA supplementation group (between-group differences P,0.19). Also, in
the DHA supplementation group, the macular integrity index
decreased from 71.2±33.2 at baseline to 51.6±35.9 at 90 days
(P=0.002); differences between values at 45 days (63.5±36.4)
and 90 days (51.6±35.9) were also statistically significant
(P=0.03) (between-group differences P,0.05).
Statistically significant changes in BCVA (Figure 3A)
and CSMT (Figure 3B) throughout the study period were
not found in any of the comparisons and in none of the study
groups. In relation to ω-3 DHA on the erythrocyte membrane,
a significant increase at 90 days as compared with baseline
(5.6%±0.8% vs 3.9%±0.6% total fatty acids, P,0.001) was
only observed in the DHA supplementation group. In this
case, between-group differences were also statistically significant (P,0.05).

%









Plasma TAC values increased significantly from baseline
as compared with 90 days only in the DHA supplementation
group (between-group differences P,0.05) (Figure 4A),
whereas serum levels of IL-6 decreased significantly from
baseline as compared to 90 days only in the DHA supplementation group (between-group differences P,0.015)
(Figure 4B).
Vision-related quality of life showed a trend toward
improvement in the DHA supplementation group at 45 and
90 days as compared with baseline, and a trend toward
worsening in the control group (between-group differences
P=0.037) (Figure 5).
The nutraceutical formulation was well tolerated and no
adverse events were registered. In relation to compliance
with the nutraceutical supplement, all patients in the DHA
supplementation group reported having taking the three
capsules each day of the study.
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Figure 3 Changes of BCVA (ETDRs letters) (A) and CSMT (B) in the 2 study groups at 90 days as compared with baseline.
Note: Data expressed as mean values and 95% confidence interval (n=24 eyes in each study group).
Abbreviations: OCT, optical coherence tomography; BCVA, best-corrected visual acuity; ETDRS, Early Treatment Diabetic Retinopathy Study; CSMT, central subfield
macular thickness.
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Discussion
Results of the present prospective controlled study performed
in routine daily practice shows that oral supplementation
based on a high-dose DHA formulation had a beneficial effect
on macular function in asymptomatic patients with NPDR.
After 3 months of oral supplementation with DHA, significant differences in macular sensitivity and macular integrity
index as compared with baseline were observed only in the
supplementation group. This finding is clinically relevant and
may indicate that antioxidant and anti-inflammatory properties of DHA could play a contributing role on maintenance
of macular function at early stages of DR. Also, maintenance
and improvement of the quality of vision rather than simply
visual acuity should be important in the prevention of visual
loss in patients with diabetes.


1(,9)4VFRUH

Clinical Ophthalmology downloaded from https://www.dovepress.com/ by 80.169.74.122 on 29-May-2018
For personal use only.

$

%HWZHHQJURXSGLIIHUHQFHV3 









&RQWURO
([SHULPHQWDO
%DVHOLQH

PRQWKV

PRQWKV

Figure 5 Changes in vision-related quality of life in the 2 study groups at 45 and
90 days as compared with baseline, with a clear trend toward improvement in the
DHA supplementation group and toward worsening in the control group.
Note: Data expressed as mean values and 95% confidence interval (n=12 patients
in each study group).
Abbreviations: NEI-VFQ-25, National Eye Institute Visual Function Questionnaire,
near activities subscale score; DHA, docosahexaenoic acid.
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The favorable results of macular function obtained in
the DHA supplementation group are further enhanced by
biochemical findings, including a significant decrease of
plasma IL-6 levels and significant increases of plasma
antioxidant protection and level of DHA in the erythrocyte
membrane. In all cases, significant between-group differences were found. Although evidence of dietary supplementation with PUFAs to reduce the risk of age-related macular
degeneration and the progression of the disease is based on
numerous studies published in the literature,44,45 data on the
use of DHA supplementation in DR is scarce,46 particularly
in asymptomatic patients with incipient retinopathy.
In a cross-sectional study of 51 patients with type 2
diabetes and NPDR, oxidative deregulation as compared
with healthy volunteers was found, with increased levels of
lipid peroxidation products, nitrites and nitrates, erythrocyte
catalase activity, and glutathione peroxidase activity and
decreased levels of TAC.47 Other studies have shown that
lipid peroxidation increases with the increase in severity
and duration of diabetes.48 In studies of experimental DR
in rats, DHA and lutein were capable of normalizing all the
diabetes-induced biochemical, histological, and functional
modifications,49,50 which allowed their proposal as potential
adjuvant therapies to help prevent vision loss in diabetic
patients.51
Newer technologies, such as microperimetry, are aimed at
earlier detection of subtle deficits and enhancing diagnostic
accuracy. In the last 15 years, microperimetry has been successfully used in the diagnosis and follow-up of different
macular disorders, including age-related macular degeneration, myopic maculopathy, macular dystrophies, and DME.
Different studies have shown a correlation between macular
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sensitivity determined by microperimetry and visual acuity in
patients with clinically significant macular edema, as well as
reduced macular sensitivity in relation to increasing macular
thickness.52 Microperimetry has also been useful for detailed
study of the macular region for the assessment of morphological and functional outcome after intravitreal ranibizumab
in patients with clinically significant DME.53 However, as
far as we are aware, studies assessing macular function by
microperimetry in early stages of DR have not been previously published. In this respect, our study demonstrates the
usefulness of microperimetry in this disease setting.
The present results should be interpreted taking into
account some limitations of the study, especially the few
patients included in the study groups and the fact that duration
of the study was limited to 90 days only. However, different
studies have shown that 90 days is a sufficient period of
time for incorporation of ω-3 PUFAs in the erythrocyte
membrane.54,55 Also, in previous studies using the same
nutraceutical formulation for 90 days in ocular surface
disorders, reduced expression of inflammatory biomarkers
(IL-6, IL-10, IL-1β, and TNFα) in tear samples as well as
improvements of dry eye symptoms as compared with the
nonsupplemented groups were found.56–58 The study was not
designed as a masked study because patients in the control
group were not treated with placebo. Therefore, this situation
could have influenced the results of variables that are more
dependent on the subject’s subjectivity, such as the results
of the NEI-VFQ-25 questionnaire. Also, the small sample
size of only 12 patients in each study group may account for
baseline differences in the baseline scores of the NEI-VFQ-25
questionnaire.
Compliance with the nutraceutical formulation was
checked at the study visits by asking the patient to bring the
empty box, but control over dietary intake of participants was
lacking. No measure of dietary DHA was contemplated in
the study protocol as it would be very unlikely that the usual
Mediterranean diet consumed in our country would have a
high DHA content of 1,050 mg/d similar to that administered
with the nutraceutical supplementation. However, the significant increase in DHA content of the erythrocyte membrane
is a reliable measure of good compliance. It may be argued
that the fixed DHA daily dose of 1,050 mg/d does not fill all
depending of body weight. In a study of 64 youth (7–14 years)
with a diagnosis of mood disorder, a linear relationships
between body weight and body mass index percentile with
ω-3 PUFA accumulation has been reported.59 However, the
daily dose of DHA of 200 mg was markedly lower to that
used in our patients, and DHA levels were determined in
blood samples rather than in the erythrocyte membrane.
1018
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On the other hand, the rationale for use of DHA tri
glyceride form is based on a higher bioavailability of the
compound.60,61 In addition, IL-6 was chosen because this
cytokine has been found elevated in the vitreous fluid of
diabetic patients with DR and has been shown to be a main
contributor to the pathogenesis of DR.62,63
In a randomized, controlled clinical trial of patients with
diabetes with no retinopathy or mild to moderate NPDR
assigned to twice daily consumption of placebo (n=28) or a
multi-component formula (n=39) containing vitamins, zinc
oxide, eicosapentaenoic acid, DHA, α-lipoic acid, coenzyme
Q10, mixed tocotrienols/tocopherols, zeaxanthin, lutein,
benfotiamine, N-acetyl cysteine, and selected botanical
extracts, visual function and macular pigment optical
density improved significantly in the supplemented group
after 6 months of treatment.64 The authors suggest that,
theoretically, multiple and overlapping mechanisms implicated in DR may have been targeted by the various components of the test formula, although synergistic or inhibitory
constituent effects were not analyzed. In our study, the
synergistic influence of carotenoids on microperimetry was
not evaluated, which is an interesting area of research for
further studies.

Conclusion
In asymptomatic patients with NPDR, dietary supplementation with a nutraceutical formulation based on high dose
of DHA (1 g) plus antioxidant vitamins, minerals, and
xanthophylls for 3 months was associated with a significant
improvement of macular function as compared with controls.
Changes of biochemical parameters were consistent with
the antioxidant and anti-inflammatory effects of DHA and
lutein/zeaxanthin. Further studies are needed to confirm these
promising preliminary results. Replication of the present
findings in a randomized trial could offer a new approach
to prevention of progression of early-stage DR in subjects
with diabetes.
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