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gDivision of Cardiac Surgery, Department of Surgery, Medical University of Graz, Graz, Austria; hOtto Loewi Research Center, Division
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ABSTRACT
The major aim of this controlled, randomised, open-labelled, parallel-grouped, clinical trial was to
investigate whether supplementation with different dosages of omega-3 fatty acids (0.5 g/d and
1g/d) from a plant-based fatty acid supplement affected omega-3-indices (O3I) in well-nourished,
healthy people. In addition, the combined ingestion of the plant-based fatty acid supplement,
together with an encapsulated fruit, vegetable and berry (FVB) juice powder concentrate, was
applied in order to observe the absorption of certain micronutrients and to examine some
aspects related to the safe consumption of the products. The data demonstrate that the intake
of only 0.5 g/day of omega-3 fatty acids from of a vegan supplement was able to increase the
O3I significantly after 8 and 16weeks. The combined ingestion with the FVB supplement concur-
rently increased serum concentrations of specific vitamins and carotenoids without effects on
hepatic, kidney and thyroid function or changes in blood lipids.
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Introduction

Omega-3 fatty acids (n3FAs) have been of great inter-
est to researchers for many years. Evidence from vari-
ous studies shows the importance of these compounds
on humans’ health and their positive effects on the
cardiovascular system and blood lipids regulation
(EFSA 2009; Mozaffarian and Wu 2011; Skulas-Ray
et al. 2011; Leslie et al. 2015; Del Gobbo et al. 2016;
Harris et al. 2017a), cognitive performance/reserve
(Abubakari et al. 2014; Bo et al. 2017; Amen et al.
2017), bone health (Mangano et al. 2014; Jorgensen
et al. 2016; Kuroda et al. 2017; Lavado-Garcia et al.
2018) and gastrointestinal function (Calder 2009;
Costantini et al. 2017). The omega-3 polyunsaturated
fatty acids (n3 PUFA) eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA) are essential fatty
acids that humans are not able to synthesise, hence

have to be supplied through the diet. Rich sources of
n3FAs include fatty fish such as salmon, tuna and sar-
dines, as well as krill and algae. National and inter-
national public health departments (NHMRC 2013;
USDHHS&USDA 2015; FMHWA 2017) recommend a
weekly consumption of 150–300 g of fish and seafood
to the general healthy adult population in order to
ingest appropriate amounts of EPA and DHA. Based
on the current body of scientific evidence the Global
Organisation of EPA and DHA (GOED) even recom-
mends 500mg of EPA and DHA per day, in order to
lower the risk of coronary heart disease (CHD),
700mg/day of EPA and DHA (of which at least
300mg should be DHA) for pregnant and lactating
women and 1000mg/day or more for secondary pre-
vention of CHD, for maintenance of normal blood
pressure and lowering triglycerides (GOED 2017).
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Evidence from nutrition surveys show that these goals
are rarely met, as the mean intakes of fish and fish
oils are below recommendations (NHMRC 2013;
FMHWA 2017; PHE 2019; Richter et al. 2019;
Thompson et al. 2019).

The omega-3 index (O3I) proposed by Harris and
von Schacky, is described as the content of DHA and
EPA expressed as percentage from FAs occurring in
the cell membranes of red blood cells (erythrocytes)
and is inversely associated with the risk for CHD
mortality (Harris and Von Schacky 2004; Harris 2009;
Harris et al. 2017a). There is a strong correlation
observed between the value of the O3I and the dietary
intake of n3FAs. Therefore, it can be used as a surro-
gate for assessing tissue levels of EPA and DHA. An
index of less than 4% is associated with a tenfold risk
of sudden cardiac death in comparison to an O3I
greater than 8%. Low indices may also be a risk factor
for coronary artery disease and for complications of
congestive heart failure (von Schacky 2009). A recent
study suggested that higher O3Is were associated with
greater longevity in post-menopausal women and may
reduce the risk of death across a spectrum of causes
(Harris et al. 2017b).

Canada was the first nation to include the O3I in
its nutrition survey and found that the average value
for adults was only 4.5%. Less than 3% of Canadians
had levels greater than 8%, in the low risk range.
Interestingly, 43% had O3I levels below 4%, in the
high risk zone (Langlois and Ratnayake 2015).

Researchers compared O3Is across the globe, evalu-
ating data from 298 studies. The map they created
shows that regions with high EPA and DHA blood
levels (>8%) include the Sea of Japan, Scandinavia
and populations that have no western dietary habits,
while extremely low levels (<4%) were found in
North, Central and South America, Europe, the
Middle East, Southeast Asia, and Africa (Stark et al.
2016). A recent study by Walker et al. (2019) con-
cluded that 2200mg/d n3 would be needed to increase
O3I from 2% to 8% in 13weeks, 1500mg for an
increase from 4% to 8% and 750mg for an increase
from 6% to 8%. In order to reach an O3I of 8% over
the course of a lifetime, lower n3 intake is required.
For example, in Japan where the average O3I of the
population is >8%, daily intake of n3 is
between 800–1000mg.

Due to the fact that there are restricted resources
regarding fish, exploiting alternative sources of n3FAs
(i.e. plant derived) are of great interest.

The aim of this study was to test the bioavailability
of different doses (0.5 g and 1 g) of a plant derived n3

food supplement, assessed by changes on O3I follow-
ing 16weeks of supplementation, as well as to investi-
gate if there was a dose dependent effect. Secondary
objectives included to assess if ingestion of a plant
derived n3 food supplement (0.5 g) in combination
with a fruit, vegetable and berry (FVB) juice powder
concentrate had an effect on micronutrient absorption
and some aspects of products� safety and subjects’
serum lipid levels.

Materials and methods

Study design and description of interventions

This was a randomised, controlled, open-labelled, 4
arm, parallel-grouped, clinical trial.

Participants were randomised into the control
group, where they had to adhere to their habitual diet,
or to one of the three intervention groups. Subjects in
group 2 were asked to ingest two capsules of the fatty
acid blend (Juice PlusþVR Omega Blend, The Juice
PlusþVR Company, Tennessee) per day, containing
0.5 g n3FA, in group 4 to consume four capsules per
day, containing 1.0 g n3FA and in group 8 to con-
sume two capsules (0.5 g n3FA) and six FVB capsules
(Juice PlusþVR Premium, The Juice PlusþVR Company,
Tennessee) per day. The subjects were asked to
ingest the capsules twice daily with meals and with
ad libitum water. The fatty acid blend contained
plant-derived FAs from algae (Schizochytrium sp.)
and from many different plant seeds including rasp-
berries, pomegranate, tomatoes and sea buckthorn.
The daily supply of 2 capsules of this vegan n3FA
supplement provided 225mg DHA and 190mg EPA.

The FBV juice powder concentrate derived from
the following 36 fruits, vegetables, and berries: con-
cord grape, blueberry, cranberry, blackberry, bilberry,
raspberry, redcurrant, blackcurrant, elderberry, green
tea, ginger root, grape seed, artichoke leaf, cocoa,
pomegranate, apple, orange, pineapple, cranberry,
peach, acerola cherry, papaya, beet root, date, prune,
carrot, parsley, beet, kale, broccoli, cabbage, tomato,
spinach, sugar beet, garlic, as well as oat and rice
bran. A daily supply of 6 capsules provided 2.91mg/
4850 IU ß-carotene, 490 lg vitamin A, 18.7mg/28 IU
vitamin E, 159mg vitamin C, 6.1mg lutein and
1mg lycopene.

Participants were asked to refrain from using any
supplements over the course of the study period and
to maintain their usual eating habits. In order to
maximise compliance, participants were reminded
biweekly via telephone calls and/or emails to continue
taking their capsules. Participants were also asked to
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return any remaining/non-consumed capsules, on
their last study visit.

Recruitment of participants and trial setting

Participants were eligible if they met the following
inclusion criteria: aged 20–65 years, non-smokers,
BMI > 20 and < 35 kg/m2, O3I: position 30–101 on
the ranking of screened participants, no medication,
premenopausal, normal dietary habits (no specific
diets, meals, food components etc.), and willing to
adhere to a 4-week wash-out period prior to their first
study visit. Subjects not meeting the aforementioned
inclusion criteria, those consuming > 1 portion of
fish/week, > 1 portion (25 g)/day linseed or walnut
oil, > 1 portion (25 g)/day whole linseeds or walnuts
and n3FA enriched functional foods, with hyperten-
sion (starting with grade 2 according to the classifica-
tion of the European Society of Hypertension: systolic
blood pressure > 160mmHg, diastolic blood pressure
> 100mmHg), with clinically relevant infectious and
acute/chronic inflammatory diseases, with diabetes
mellitus type I or II, women with menstrual dysfunc-
tions, pregnant women and alcoholics were excluded
from the study.

Participants were recruited from the Graz region,
Austria, either by word of mouth or by replying to
advertising material (i.e. flyers). Study visits were con-
ducted at the Otto Loewi Research Centre, Division of
Immunology and Pathophysiology of the Medical
University of Graz.

All subjects provided written informed consent
prior to participating in this investigation. This study
was conducted according to the guidelines of the
Declaration of Helsinki for Research on Human
Subjects 1989 and was approved by the Ethical Review
Committee of the Medical University of Graz, Austria.
The trial was registered under www.clinicaltrials.gov.
identifier: NCT03348553.

Omega-3 index ranking, stratification and
randomisation

We estimated that despite pre-selection (i.e. via phone
calls and pre-screening visits), approximately 20–30%
of interested subjects might have too high O3I for this
study. Since subjects with an O3I >10% might not
have additional health benefits from supplementation
with n3FAs, we elaborated an O3I ranking from high-
est to lowest for 51 men and 50 women that com-
pleted the pre-screening visit. Based on this ranking,
we excluded the 15 best ranked male subjects, and the

14 best ranked female subjects, in order to remain
with 72 subjects (n¼ 36 per gender), which is in
accordance to the power calculation (to ensure power
> 80%, see “sample size calculation”).

The remaining and ranked 36 subjects per gender
were organised in 9 quartets. The randomisation into
the 4 intervention groups was conducted computer-
ised by assigning 1 person from each quartet to one
of the 4 intervention groups. This procedure ensured
the equal distribution of males and females in all 4
groups (9 females and 9 males in each group).

Wash-out, variables, time schedule

Enrolled participants were asked to adhere to a 4-
week washout period, thus the intake of dietetic foods,
food supplements and nutraceuticals 4-weeks prior to
the baseline visit as well as during the course of the
study were not allowed. During the baseline visit, a
34mL fasting blood sample was collected to assess
O3I, FAs, haemogram, carotenoids and tocopherols,
vitamin C, lipid profile, clinical chemistry and fasting
blood glucose. Height, weight and blood pressure
measurements were also performed. Participants were
asked to attend follow-up visits after 8 (midpoint) and
16weeks (endpoint) of supplementation for additional
blood samplings and assessment of the same parame-
ters evaluated at the baseline visit. Capsules were dis-
pensed at the baseline visit for the first half of the
study and at the 8-week follow-up visit for the
remaining second half of the study.

Dietary assessment

Subjects were instructed to maintain their habitual
diet throughout the intervention time. They were also
asked to record their diet (types of foods and drinks
and amounts consumed) for the last 3 days prior
to the three study visits, in order to ensure intra-
individual standardisation of the diet. Dietary intakes
and recordings were supervised and reviewed by a
registered dietitian.

Blood samples processing

Blood was treated immediately after sampling and
centrifuged at 3000 rpm for 10min to get the plasma.
Thereafter, it was cooled at 4–6 �C and portioned
according to laboratories/analytes. The supernatant
was frozen at �70 �C and kept at the study site for
further analysis. Blood samples for the clinical chemis-
try analyses were transported immediately after
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collection to another collaborating laboratory for
analysis.

Analytical methods

Total FAs (free and esterified) were measured by GC-
EI/MS (Agilent Technologies Inc, Santa Clara,
California) as previously reported (Jha et al. 2014;
Mueller et al. 2015). Lipid extraction was performed
according to the methyl-tert-butyl ether protocol pub-
lished by Matyash et al. (2008). The dried extracts of
the lipids were resuspended with 1mL methanol/
NaOH and subsequently again esterified by addition
of BF3. Thereafter, they were extracted by means of
saturated NaCl solution and hexane. Measurements
were done with the Agilent MSD GC-MS using a TR-
FAME 30m column with helium as carrier gas at
250 �C injector temperature in the split mode.
Ionisation in the mass spectrometer was done by
means of electron impact ionisation (EI) and fatty
acids were detected in Fullscan at 80–400m/z. Source
temperature amounts to 250 �C and the transfer liner
had a temperature of 200 �C. The quantification was
done with a non-endogenous internal standard FA
17:0. The O3I of erythrocytes was determined by
means of GC-EI/MS method, similar to the analysis of
n3FAs in the blood serum. The Agilent MSD GC-MS
(Agilent Technologies Inc, Santa Clara, California)
device was used.

Concentrations of vitamin E and vitamin C were
measured by reversed-phase high-performance liquid
chromatography (HPLC) (RECIPE ClinRepVR

Complete Kit, Munich, Germany). For analysis of
vitamin E, samples were treated as follows: 150lL
plasma was added to 150 lL precipitant containing
the internal standard. After centrifuging, 100 lL of the
supernatant was added to 100 lL of the stabilising
reagent. After further centrifugation, 50 lL of the
supernatant was injected into the HPLC system. For
vitamin C analysis, 100lL plasma was added to
100 lL of the precipitant which contained the internal
standard. After 10min incubation at 4 �C the sample
was centrifuged and 20lL of the supernatant was
injected into the HPLC system. Separation and ana-
lysis were done on the HPLC system (JASCO, Vienna,
Austria) with UV detector at the appropriate wave-
length (for vitamin E: 295 nm; for vitamin C: 243 nm).
Quantification was done by internal standard method
and calibration.

Carotenoids from EDTA plasma were extracted
with the ClinRepVR kit for ß-carotene (RECIPE
Chemicalsþ Instruments GmbH, Munich, Germany)

according to the manufacturer’s protocol. For precipi-
tation, 100 lL of the sample was added to 200 lL
precipitant which contained the internal standard
and 100lL stabilising reagent. After vortexing and
centrifuging, 100lL of the supernatant was injected
into the HPLC system. Additionally, to all-trans-
ß-carotene, external standard curves were done for
quantification of lutein (89723, Phytolab,
Vestenbergsgreuth, Germany) and all-trans-lycopene
(75051, Sigma Aldrich, Vienna, Austria). All standards
(�1mg) were first dissolved in 2mL dichloromethane
containing 0.1% butylated hydroxytoluene (BHT, Carl
Roth, Karlsruhe, Germany) and then in n-hexane
(HPLC grade, Carl Roth, Karlsruhe, Germany) up to
10mL for stock solutions. Further dilutions were
made in mobile phase. Concentration of each stand-
ard was checked photometrically with SPECTROstarVR

Nano (BMG Labtech, Ortenberg, Germany) at 450 nm
and calculated with the suitable extinction coefficient
(Garofalo et al. 2011). The range of the standard
curves was 50mg/L to 1000mg/L for lutein and 300mg/
L to 1500 mg/L for lycopene. All carotenoids were sep-
arated chromatographically within the kit-containing
column and mobile phase with subsequent UV-detec-
tion at 450 nm. Lutein and zeaxanthin are structural
isomers and co-elute. Due to the fact that the amount
of lutein is much higher than zeaxanthin (Turner and
Burri 2012), only lutein was used as standard for
quantification. Nevertheless, the results are indicated
as lutein/zeaxanthin. The standard curves were
checked for accuracy with the NIST 968e (National
institute of standard and technology, Gaithersburg,
USA).

Lipid profile, as well as clinical chemistry analysis
including minerals and markers of hepatic and renal
function, were performed by standard equipment
(Architect ci8200; Abbott Diagnostics, Illinois, USA).

Hemogram-analysis was performed by standard
equipment ABX Micros 60 by means of impedance
analysis (Axon Lab AG, Polling, Austria).

Sample size calculation and statistical analyses

A physiological relevant effect of a nutraceutical inter-
vention on the O3I was set at a 20% change after
4months of supplementation. A type 1 error was set
at a¼ 0.05. We wanted to achieve a minimum statis-
tical power of 0.80 (probability of type 2. error ¼
20%). Assuming a drop-out rate of about 15%, sample
size calculation revealed that 72 subjects in total were
necessary (to end up with at least 60 subjects) to be
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recruited and to ensure equivalent group sizes (n¼ 18
per group).

Statistical analyses were conducted using the SPSS
for Windows Software, Version 22.0. Data are pre-
sented as mean± SD (standard deviation) with statis-
tical significance set at p< 0.05. The Shapiro-Wilk test
was used to determine normal distribution. The
Levene test was used for variance homogeneity.

Baseline characteristics (age, gender, weight, BMI
etc.) of subjects were determined by means of descrip-
tive statistics. For normally distributed data, paired t-
tests were used for comparisons between baseline and
endpoint, baseline and midpoint and between midpoint
and endpoint for each group. One and two factorial
repeated measure analysis of variance (ANOVA) were
used to perform within and between group compari-
sons for the factors time and treatment, respectively (p-
group tot and p-time tot). Gender comparisons were
performed with Student�s t-test and repeated measures
ANOVA. If significant differences were found in the
ANOVA calculations between the groups, Tukey’s post
hoc test and/or Bonferroni correction were used to
locate the differences. The resulting and presented
p-values of the ANOVAs are determined exclusively
with the (stricter) Bonferroni model.

Results

Study population, clinical chemistry
and compliance

A CONSORT diagram outlining subjects’ recruitment
is depicted in Figure 1. Sixty-eight participants (33
females, 35 males), out of 72 at baseline, completed
the study. Data from the four non completers, were
excluded from analysis. In all groups we had a min-
imum of 15 participants completing the study. Subject
characteristics are presented in Table 1. No differences
in age, weight and BMI between the baseline, 8-week
and 16-week follow-up visit were observed. Clinical
parameters including cholesterol, high-density lipopro-
tein (HDL) and low-density lipoprotein (LDL) choles-
terol, triglycerides, fasting blood glucose, alkaline
phosphatase (ALP), aspartate aminotransferase (AST),
gamma-glutamyltransferase (GGT), ferritin, iron, cre-
atinine, uric acid, urea, vitamin D3, and thyroid stim-
ulating hormone (TSH) also did not differ between
the baseline, 8week and 16week visit (p> 0.1).
Supplementation had no effect on markers of hepatic
and renal function, and markers of thyroid function
(p> 0.1). Returned capsules count following comple-
tion of study visits, revealed a compliance of > 95%.

Omega-3 and micronutrients analysis

Changes in O3I, fatty acids and micronutrient concen-
trations between the baseline, 8-week and 16-week
visit are depicted in Figure 2. Concentration values of
O3I, DHA, EPA, vitamin C, a-tocopherol, c-tocoph-
erol, ß-carotene, lutein/zeaxanthin and lycopene from
baseline, 8-week and 16-week visits, are presented in
Supplemental Table 1(a). Within and between group
comparisons for time and treatment for all these
parameters are presented in Supplemental Table 1(b).

Omega-3-Index (O3I), docosahexaenoic acid (DHA)
and eicosapentaenoic acid (EPA)

We observed significant differences between groups
and time points for the O3I, DHA and EPA. The con-
trol group showed significant lower values after sup-
plementation compared to all other (supplemented)
groups. These differences between control and the
other groups already occurred after 8weeks of supple-
mentation and were greater after 16weeks. For Omega-
3 Index and EPA, significant differences were found
between group 2 and group 4 with higher values in
group 4 after 16weeks. For DHA there was a difference
by trend between group 2 and group 4 after 16weeks,
with higher values in group 4. Furthermore, a statistic-
ally significant difference between group 2 and group 8
was observed after 16weeks of supplementation. For all
three parameters, O3I, EPA and DHA, comparisons
between genders showed higher mean values in the
female cohort throughout the whole study. However,
there were no differences between genders in terms of
response to the supplementation. For mean- and p-
values, see Supplemental Tables 1(a–c).

Vitamin C, alpha-tocopherol (a-tocopherol),
gamma-tocopherol (c-tocopherol)

We observed significant differences for vitamin C
concentrations, between the FBV supplemented group
8 and the other 3 groups. The increase in vitamin C
already happened between baseline and midpoint and
remained high until the endpoint. For a-tocopherol
we observed significant differences between group 0
and group 4, and between group 0 and group 8. We
observed statistically significant differences between
group 0 and group 2 compared to group 8 for c-toc-
opherol concentrations. Comparison between group 4
and group 8, as well as over time comparisons, missed
significance. In contrast to a- and c-tocopherol, we
observed differences between genders for vitamin C,
with higher values in females compared to males, but
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the response to the supplementation did not show any
differences between males and females. For mean-
and p-values, see Supplemental Table 1(a–c).

Beta-carotene, lutein/zeaxanthin and lycopene

For ß-carotene, the comparisons of the groups 0, 2
and 4 compared to group 8 showed a trend towards

higher values in group 8. The comparisons of lutein/
zeaxanthin and lycopene between group 8 and the
other 3 groups showed significantly higher concentra-
tions in group 8. For ß-carotene there was also a sig-
nificant difference between genders observed, where
women had significantly higher plasma ß-carotene
concentrations compared to men but the response to
the supplementation did not show any differences

Figure 1. Consort diagram: # ¼ male, $ ¼ female, LDL¼ Low-density lipoprotein, O3I¼Omega-3-Index.
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Table 1. Subjects’ characteristics and clinical chemistry.
Values (mean ± SD)

Variable SI Reference Intervals Group 0 Group 2 Group 4 Group 8

Age, m (a) 32.8 ± 16.5 38.7 ± 14.5 43.0 ± 11.0 35.9 ± 11.2
Age, f (a) 39.0 ± 9.8 46.3 ± 9.6 41.7 ± 14.6 39.0 ± 13.8
Age, total (a) 36.7 ± 12.5 43.2 ± 12.1 42.4 ± 12.5 36.94 ± 11.8
BMI, m (kg/m2) 23.2 ± 2.8 26.1 ± 2.8 27.3 ± 5.0 24.8 ± 3.5
BMI, f (kg/m2) 24.8 ± 4.4 27.5 ± 7.0 24.0 ± 3.4 25.0 ± 4.1
BMI, total (kg/m2) 24.2 ± 3.9 26.9 ± 5.6 25.7 ± 4.5 24.8 ± 3.6
Clinical Chemistry:
Cholesterol (mmol/L) <5.20 5.29 ± 1.05 5.63 ± 0.94 5.55 ± 1.29 5.21 ± 1.14
HDL-Chol (mmol/L) 1.30–4.90 1.57 ± 0.27 1.71 ± 0.42 1.59 ± 0.40 1.53 ± 0.38
LDL-Chol (mmol/L) 1.30–4.90 3.28 ± 1.06 3.41 ± 0.83 3.45 ± 1.08 3.21 ± 1.02
Triglycerides (mmol/L) <1.80 0.99 ± 0.33 1.12 ± 0.62 1.14 ± 0.80 1.04 ± 0.31
Glucose (mmol/L) 3.9–6.1 4.97 ± 0.44 5.07 ± 0.50 5.04 ± 0.46 5.02 ± 0.48
ALP (mkat/L) 1.30 ± 0.26 1.28 ± 0.28 1.09 ± 0.29 1.32 ± 0.25
AST (mkat/L) 0–0.58 0.35 ± 0.10 0.35 ± 0.09 0.34 ± 0.09 0.40 ± 0.10
GGT (mkat/L) 0.27 ± 0.10 0.34 ± 0.21 0.32 ± 0.17 0.40 ± 0.27
Ferritin (mg/L) 18–300 94 ± 110 90 ± 90 102 ± 74 115 ± 104
Iron (mmol/L) 14–32(m), 11–29(f) 18.4 ± 5.6 19.8 ± 4.4 18.4 ± 7.9 17.8 ± 8.1
Creatinine (mmol/L) 10–40(m), 30–70(f) 76.69 ± 14.62 79.72 ± 12.40 75.28 ± 13.70 81.33 ± 12.32
Uric acid (mmol/L) 120–420 316 ± 83 294 ± 68 313 ± 71 334 ± 55
Urea (mmol/L) 4.81 ± 0.89 4.77 ± 0.84 5.10 ± 1.41 5.50 ± 1.58
Vitamin D3 (nmol/L) 45–90 51.1 ± 22.1 52.9 ± 24.0 58.3 ± 21.3 67.8 ± 84.7
TSH (mU/L) 2–11 1.3 ± 0.6 1.4 ± 0.5 1.7 ± 1.3 1.8 ± 0.8

m¼male, f¼ female, ALP¼Alkaline phosphatase, AST¼Aspartate transaminase, BMI¼ Body mass index, Chol¼ Cholesterol, GGT¼Gamma-glutamyl-
transferase, HDL¼High-density lipoprotein, LDL¼ Low-density lipoprotein, TSH¼ Thyroid-stimulating hormone.

Figure 2. Omega-3-Index (O3I), docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA) and plasma concentrations of vitamin C,
alpha-tocopherol, gamma-tocopherol, beta-carotene, lutein/zeaxanthin and lycopene at baseline, after 8 (midpoint) and after
16weeks (endpoint) of supplementation. Control¼ control group: n¼ 15; Group 2¼ 2 capsules/day of omega blend: n¼ 17;
Group 4¼ 4 capsules/day of omega blend: n¼ 18; Group 8¼ 2 capsules/day of omega blend plus 6 capsules/day of FVB supple-
ment: n¼ 18; Values are means, with standard deviations represented by vertical bars. Letters a-f denote statistical significances
(p< 0.05) for group comparisons (a: 0 vs 2, b: 0 vs 4, c: 0 vs 8, d: 2 vs 4, e: 2 vs 8, f: 4 vs 8), letters g-i denote statistical significan-
ces (p< 0.05) for time comparisons (g: 0 vs 1, h: 0 vs 2, i: 1 vs 2).
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between genders. We did not observe differences
between females and males for lutein/zeaxanthin and
lycopene. For mean- and p-values, see Supplemental
Table 1(a–c).

Discussion

The main goal of this study was to determine the pos-
sible increase in O3I after 8 and 16-week supplemen-
tation with a vegan n3FA food supplement. We
invited healthy people with low n3FA dietary intake
to participate, as this is representative of the Western
population and we assumed that those people could
benefit more from n3FA supplementation (FMHWA
2017; PHE 2019; Richter et al. 2019).

Previous research led us assume that the average
O3I of our cohort would be between 4 and 5%
(Harris and Von Schacky 2004; Langlois and
Ratnayake 2015; Drudi et al. 2017); nonetheless, after
pre-screening our subjects, we found an average index
of almost 8%. These values are comparable to values
observed in Scandinavian countries (Stark et al. 2016)
and are considerably higher than expected, consider-
ing that the participants of our study consumed little
to no fish and no n3 PUFA supplements. Even though
our subjects had O3Is close to the optimal range, we
still observed significant differences between groups
and measurement times. The control group showed
significantly lower O3I values compared to the three
supplemented groups, indicating that all supplementa-
tion models were effective in terms of index increase.
These differences between control and the other
groups already occurred after 8 weeks of supplementa-
tion and were greater after 16weeks. There was also a
significant difference between group 2 and group 4,
with higher values in group 4, indicating that 4 capsu-
les had a greater effect on individuals’ O3I compared
to 2 capsules per day.

In a study conducted by Harris and von Schacky
(2004) on the effects of relatively small omega-3 doses
on the O3I, subjects were randomised to 0 (control
group), 0.5, 1.0 and 2.0 g EPAþDHA per day for
5months. It should be noted that the cohort had an
initial O3I of 4.7%, while our subjects had an initial
index of 7.9%. The researchers observed an increase
of 68% with supplementation of 0.5 g/day, 110% with
1.0 g/day and 147% with 2.0 g/day after 20weeks. In
comparison, the present study found increases of 43%,
80% and 56% for group 2 (containing 415mg EPA
and DHA), group 4 (830mg EPA and DHA) and
group 8 (415mg EPA and DHA and FVB dried juice
concentrate) respectively, after 16weeks of

supplementation. In another study by Drudi et al.
(2017) an O3I increase from 5.1 ± 1.3% to 9.0 ± 1.8%
(p< 0.01) was observed, following supplementation
with 2.6 g EPA and 1.8 g DHA daily for a month. It
must be noted that the supplementation subjects
received in the study by Drudi et al. compared to our
study provided almost 13 times the amount of EPA
and almost 8 times the amount of DHA contained in
2 capsules and still 6.5 and 4 times the amount of
EPA and DHA in 4 capsules. Nevertheless, the supple-
mentation models in our study could still increase the
O3I significantly.

The additional intake of the FVB supplement
showed a significant increased DHA absorption in
group 8 compared to group 2 although the same
number of n3FA capsules was ingested in both
groups. Such a complementing effect of the concur-
rently administered FVB concentrate was not observed
with EPA and with O3I, it also missed significance.
Interestingly, a previous observation by Pipingas et al.
(2014) reported improved FAs absorption with coinci-
dent vitamin supplementation. However, based on our
data and study design, and the scarce evidence via lit-
erature we are not able to establish a mechanistic
explanation for our observation. Further studies are
needed to elucidate possible complementing effects on
absorption when fatty acids are simultaneously
ingested with vitamins and phytonutrients.

Compared to EPA, DHA was a stronger driver for
the increase in O3I since the observed percentages of
DHA following supplementation were about 6-fold
higher than for EPA. Furthermore, the concentration
of DHA in the product, and therefore the daily intake
via the product, was about 20% higher than the EPA
concentration. Our observations correspond to those
of Allaire et al. (2017) who also reported significantly
greater O3I increase following DHA compared to
EPA supplementation. The comparatively higher O3I,
EPA and DHA values of the female subjects through-
out the study, which are not related to the interven-
tion, could be due to a higher conversion rate of
precursors in EPA and DHA. Although we did not
find major differences in dietary protocols, there is
evidence that women have higher conversion rates
regarding DHA compared to men (Burdge and
Wootton 2002; Calder 2016), which may also be due
to hormones (Giltay et al. 2004).

It is worth noting, that parallel to this trial, we per-
formed a stability control of the omega supplement,
over 18months in 2-months cadence, at room tem-
perature (22 �C) and under chilled conditions (4 �C).
Our results revealed that the contents of DHA and
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EPA were stable throughout the whole investiga-
tion period.

In this study we also wanted to observe whether
the combined intake of the fatty acid supplement,
together with the FVB juice concentrate, would show
a complementing effect. Under “complementing
effect” we understand that O3I and vitamin absorp-
tion go hand in hand. Thus, we also measured serum
concentrations of several vitamins and carotenoids in
parallel to fatty acids.

After 16weeks of supplementation, the vitamin C
plasma concentration of the volunteers in group 8
increased significantly compared to the other 3
groups. Six capsules (daily intake) of the FVB juice
powder concentrate contained 159mg of vitamin C.
The highest peak of the vitamin C increase was found
in the midpoint examination compared to the mid-
point endpoint time axis. This indicates that a level-
ling-up in plasma already occurred after 8weeks. The
observed increase is comparable to the values
observed in one of our previous studies, where healthy
participants were supplemented with the same FVB
supplement for 8weeks (Dams et al. 2019). Our
results were within the reference range proposed by
Young (1987) (30–110 mmol/L). We observed differen-
ces between genders, with higher values in female
compared to male participants, which is likely attrib-
uted to the fact that women consume higher amounts
of vitamin C rich foods compared to men. Our find-
ing is in agreement with the observation of Schleicher
et al. (2009), who also reported higher plasma concen-
trations in women due to higher dietary intake of
vitamin C and supplements. Nevertheless, Jungert and
Neuhauser-Berthold (2015) concluded that the higher
plasma vitamin C concentrations of women compared
to men could be partially attributed to the difference
in fat-free mass between genders.

We found significant differences on a-tocopherol
between the control group and group 4 and between
the control group and group 8. Differences between
the groups could be observed at baseline, nonetheless
no significant effect was observed over time, which
suggests that the observed differences are not related
to any of the supplementation models. The plasma
values are comparable to previous studies, although
no increase in values could be observed in the current
study. Reboul et al. (2007) observed that a mixture of
polyphenols (e.g. catechin and naringenin) and a mix-
ture of carotenoids (e.g. lycopene, ß-carotene and
lutein) could significantly affect intestinal a-tocoph-
erol uptake and the inhibitory effect of c-tocopherol
narrowly missed the significance. These data are in

line with our observations. Although c-tocopherol in
group 8 had significantly higher values compared to
groups 0 and 2, and almost significantly higher values
compared to group 4, the inhibitory effect on a-toc-
opherol could probably be neglected, since the a-toc-
opherol values were almost 15-fold higher.

In our study, ß-carotene levels increased following
supplementation compared to the other groups, and
even though results did not reach significance, the
increase was still remarkable and of physiological rele-
vance. The main reason for the slightly missed signifi-
cance, may be due to a high interindividual variability
in ß-carotene absorption. Nonetheless, we observed a
20% increase in ß-carotene levels after 8 weeks of sup-
plementation, which is comparable to the observation
by Wang et al. (2007), who evaluated ß-carotene levels
after following a carotenoids rich diet for 4weeks.
After 16weeks we observed an 85% increase in
ß-carotene levels. Although our subjects had about
55% higher values than the subjects in the study by
Wang et al., the observed increase in ß-carotene
remained within the reference values for healthy sub-
jects (0.04–2.26 mmol/L) (B€assler et al. 2002). The fact
that the plasma values in the female cohort were sig-
nificantly higher than in the male cohort is possibly
due to the higher ß-carotene intake of women
through the diet according to our dietary records.

All comparisons with group 8 showed significant
differences with higher lutein/zeaxanthin levels
observed in group 8. Although no further increase
was observed in the second half of the study, the 85%
increase over a total period of 16weeks was highly
significant. As no reference range for plasma lutein/
zeaxanthin exists (similarly for lycopene), we com-
pared our values to values previously reported in
other studies. For instance, Korobelnik et al. (2017)
reported similar baseline lutein/zeaxanthin values to
the ones of our study. In addition, they observed an
increase of 53% after 6months of supplementation,
with a supplement whose lutein content was compar-
able to the product we tested: 6.1mg versus 5mg in
the Korobelnik study.

The increase in lycopene we observed, demon-
strates the effective absorption of the carotenoid con-
tained in the FVB supplement, showing 22 – 35%
higher concentrations in group 8, compared to the
other three groups. The data indicated that supple-
mentation with 6 capsules of the FVB concentrate,
simultaneously with the fatty acid supplement,
increased plasma lycopene already after 8weeks. This
is in agreement with the results of one of our previous
studies, in which we assessed the absorption from the
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FVB concentrate when administered as single supple-
ment (Dams et al. 2019).

The actual hype of consuming food supplements
can also bear some risks, especially when several sup-
plements are ingested together. Therefore, we observed
the effects of the two supplements on key biomarkers
of liver, kidney and thyroid function as well as on pos-
sible effects on blood lipids. EFSA concludes that the
supplemental intake of EPA and DHA combined in
doses of up to 5 g/day and the supplemental intake of
EPA alone up to 1.8 g/day and DHA alone up to about
1 g/day do not raise safety concerns for adults or the
general population (EFSA 2012). Based on animal stud-
ies, several safety evaluations show that the intake of
algae supplements (Schizochytrium sp) is safe, and no
side effects are to be expected (Fedorova-Dahms et al.
2011; Lewis et al. 2016). This is in line with our obser-
vations. Although four people dropped out in our
study during the 16weeks of supplementation, this was
not related to the intervention. We could not observe
any or even negative effects on liver, kidney, thyroid
gland parameters or blood lipids, indicating the safety
of both food supplements over 16weeks, even when
consumed together.

However, Hughbanks-Wheaton et al. (2014)
observed a combined intake of DHA (weight-depend-
ent doses of 30mg/kg body weight providing a total
daily DHA dose of 600 to 3600mg) and a multivita-
min supplement vs. placebo (and multivitamin) as
part of a safety assessment over 4 years of supplemen-
tation in 60 patients with X-linked retinitis pigmen-
tosa. They found 20 adverse events (out of 39) in the
supplemented group, compared to 19 adverse events
in the placebo group (placeboþmultivitamins). Three
adverse events were considered to be associated with
the intervention because abstinence from capsules
alleviated the symptoms. Overall, the adverse effects
were minor and sporadic in occurrence and duration.
Nevertheless, such data recommend and also reflect
our opinion, that food supplementation studies should
consider the implementation of safety assessments.

Limitations of the study

We are aware that our study has some potential limi-
tations. Based on Austrian nutritional data, lower O3I
concentrations at pre-screening were expected. Fifteen
percent of the subjects recruited had an O3I within
the desirable range (8%–12% (Jackson et al. 2019)),
hence a more comprehensive pre-screening might
have been appropriate in order to include only those
subjects with an O3I < 8%. Nonetheless, we still

observed significant differences on O3I concentrations
following supplementation. Another limitation is that
although we observed significant increases in O3I after
supplementation, no causalities or conclusions related
to CVD prevention, cognitive function or other postu-
lated beneficial outcomes related to improved O3I can
be drawn from this study. Furthermore, we observed
the bioavailability and absorption of (micro-)nutrients
from the fatty acid supplement alone and in combin-
ation with the FVB product and conducted also a
comparison of these intervention models to a control
group without any supplementation, but we did not
investigate the absorption of micronutrients solely
from the FVB product. Further studies could investi-
gate possible differences in the absorption of micronu-
trients from FVB alone compared to the combined
ingestion with the fatty acid supplement.

Conclusion

Our intervention demonstrated that the vegan omega
supplement observed in the study had a significant
positive effect on the O3I and associated fatty acids
after only 8weeks. The simultaneous intake with an
FVB juice concentrate led also to an increase of sev-
eral vitamins and carotenoids. Both supplements can
be regarded as safe because liver, kidney, and thyroid
markers, as well as blood lipids remained unchanged
throughout the study.
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