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ABSTRACT

Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) are omega-3 polyunsaturated fatty
acids found in oily fish. Humans can also synthesise them from a-linolenic acid (ALA), which is
considered an essential fatty acid as humans cannot synthesise it. However, conversion of ALA to
EPA and DHA tends to be low, with significant inter-individual variation, making them conditionally
essential nutrients. The benefits of EPA and DHA for cardiovascular health were first recognised in
the 1970s. Since then, research has shown benefits in many other conditions, including metabolic,
inflammatory and neuropsychiatric disorders, based on their anti-inflammatory and antioxidant
effects, as well as their roles in cell membrane structure and function and in regulating gene
expression. Fish oil supplements are generally well tolerated, but increased risk of atrial fibrillation
and bleeding have been found in several meta-analyses.
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INTRODUCTION

Since the finding in the early 1970s that
Eskimos from Greenland had low rates of heart
disease despite a high-fat diet, but a diet high
in marine omega-3 polyunsaturated fatty acids
(PUFASs),! there has been significant interest

in the potential benefits of fish and fish oils for
health, in particular cardiovascular (CV) health.

Eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) are omega-3 (n-3) PUFAs, fatty acids
with more than one cis double-bond.? n-3 indicates
that the first double-bond is located between the
third and fourth carbon atoms counting from the
methyl end of the molecule, whilst omega-6 (n-6)
PUFAs have the first double-bond between the
sixth and seventh carbon atoms.

The n-3 PUFA a-linolenic acid (ALA) and the n-6
PUFA linoleic acid (LA) are considered essential
fatty acids, as humans cannot synthesise them,
and food sources include green vegetables,

flax and chia seeds and nuts, and vegetable

oils, respectively. These parent PUFAs can be
converted to EPA and from there to DHA and the
n-6 long-chain fatty acids gamma-linolenic acid
(GLA) and arachidonic acid (AA) (see figure 1).

However, conversion rates tend to be low, with
up to 8% conversion of ALA to EPA in men and
up to 21% in women, making them conditionally
essential nutrients.® Apart from these gender
differences, conversion can also vary significantly
between individuals based on genetic variations
in the enzymes involved,* and is known to be
decreased (leading to low EPA levels) in certain
chronic conditions, including diabetes.® The
enzymes responsible for conversion also require
vitamins and minerals, including magnesium, zinc,
B vitamins and vitamin C, as co-factors, therefore
nutrient deficiencies may also affect conversion.®

The n-3 PUFA status is often expressed as the
Omega-3 Index (O3l), which is a measure of the
percentage of EPA and DHA of all fatty acids in
the membranes of red blood cells (RBCs).” This
measure was first established to assess risk of
death from coronary heart disease (CHD), and
the optimal O3l is thought to be 8-12%, with <
4% conferring a significantly increased risk.® Levels
below 2% have not been found, suggesting that this
is the minimum level to support life.® Low O3l has
also been associated with many other conditions,
as discussed under the section ‘Clinical uses’.

Figure 1: Synthesis of Eicosanoids and Lipid Mediators from Essential Fatty Acids
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Figure 1: Dietary omega-6 fatty acids are precursors of arachidonic acid (left), which gives rise to
pro-inflammatory leukotrienes, series 2 prostaglandins and thromboxanes. Conversely, omega-3

fatty acids (EPA, DPA and DHA) are precursors of various anti-inflammatory series 3 prostaglandins
and specialised pro-resolving mediators (resolvins, maresins and protectins), which participate in the
resolution of inflammation. Abbreviations: LOX, lipoxygenase; COX, cyclooxygenase; Ry, resolvins; PD1,
protectin D1; MaR, maresins). Illustration by Kelly Heim, Ph.D., IntegrativePharmacology.com.
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Not all clinical trials established O3l at baseline,
which may explain the sometimes contradictory
results. A 2019 study set out to establish a

model that would allow to estimate the change

in O3I depending on supplemental dose.”

The authors took data from 14 studies (1422
individuals) and found that after dose, baseline
O3l and type of supplement were the most
important determinants of an increase in O3,
with triglyceride forms raising O3l more than

ethyl esters (EEs). The model suggests that to
increase O3l from below 4% to above 8%, 95% of
people would need about 2000 mg EPA and DHA
combined per day, which is significantly more
than the amount found in the one—two portions of
seafood per week recommended by the American
Heart Association. The authors note that whilst
this model would be useful on a population basis,
in clinical practice direct testing of O3 would be
preferable due to the significant inter-individual
variability in response to supplementation.” In one
study of 40 participants with an O3l < 5%, the
change in O3l after 8 weeks of consuming a drink
containing EPA 200 mg and DHA 300 mg per
day ranged from —0.03% to +7.16%.%°

Just as important as absolute intakes and levels
of n-3 PUFAs is the ratio of n-6 versus n-3
PUFAs, as the same enzymes are responsible

for conversion of the parent PUFAs to EPA, DHA,
GLA and AA, respectively. In a typical Western
diet, the n-6:n-3 ratio tends to be very high, in

the range of 10:1 to 25:1, whilst it is believed

that our ancestor hunter—gatherers consumed

a diet with a ratio nearer to 1:1, a change that is
thought to be implicated in the high prevalence of
inflammatory conditions, including cardiovascular
disease (CVD).1**2 |t has also been suggested
that lowering dietary n-6 may have a positive
effect on n-3 status.*®

FOOD SOURCES

Qily fish, such as salmon, mackerel and
sardines, is the richest dietary source of EPA
and DHA.** Eggs from hens fed a high n-3
diet are a good source of DHA,*® and meat
from grass-fed (pastured) cattle and lamb also
provide EPA and DHA1718 (see Table 1 for
contents of EPA and DHA in foods).
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Table 1: Food sources of EPA and DHA

Food (literature source)

Fish, white™

Cod (baked)

Coley (raw)

Haddock (poached/steamed)
Fish, oily®

Mackerel (grilled)

Sardines (canned in tomato
sauce, whole contents)

Salmon (baked)
Trout (baked)
Eggs15

Normal eggs, yolk only*

Omega-3-rich eggs, yolk
only*

Grass-fed meat
Grass-fed beef'®
Grass-fed lamb'™

Grass-fed lamb’s liver®

EPA
(mg/100 g)

30

40

50

170

1540

730

570

10

30

25

25

75

DHA
(mg/100 g)

100
190

130

1850
900
1400

740

380

650

173

*An egg contains approximately 18 g yolk.

The Scientific Advisory Committee on Nutrition
(SCAN) recommends a daily intake of 450

mg EPA and DHA combined.?° From the data

in Table 1, it appears that a well-planned
omnivorous or pescatarian diet, including oily
fish 1-2 times per week, can provide this level
of EPA and DHA. However, in 2001/2002, the
average consumption of EPA and DHA in the UK
was 244 mg per day in adults, 199 mg of which
came from fish.?® SCAN concludes that “The
majority of the UK population does not consume
enough fish, particularly oily fish, ... the COMA
population guideline recommendation that
people should eat at least two portions of fish a
week of which one should be oily. Consumption



of this amount would probably confer significant
public health benefits to the UK population in
terms of reducing CVD risk. There may also be
beneficial effects on fetal development”.?

Reasons for the low consumption of fish may
include taste and dietary preferences, cultural/
religious reasons, cost and availability, as well as
concerns over sustainability, and contamination
with heavy metals and other toxins. Most red
meat consumed in the UK comes from grain-fed
animals, which has much lower levels of EPA
and DHA and higher levels of AA.??

A cross-sectional study in the USA and Canada
showed that among people not taking fish oil
supplements, only 3% of those consuming 1
fish serving per week and 17% consuming = 2
servings achieved an optimal O3l of > 8.0%.%
The study also suggested that non-fish eaters
would need to supplement 1300 mg per day of
EPA and DHA to achieve an optimal O3I. The
large variability in n-3 metabolism and response
to intake needs to be taken into account though;
in a clinical setting RBC O3l should ideally

be determined at baseline to establish need,
and then used to monitor response to dietary/
supplement intervention.

Overall, supplementation may be necessary to
make up for dietary shortfalls, and will also be
necessary where high dosages are desirable for
therapeutic reasons (see the section ‘Clinical uses’).

The DHA can be retro-converted to EPA?
making DHA supplements of algal origin a viable
option for n-3 supplementation for vegetarians
and vegans. It is important to note that both
dietary intake and individual metabolism of
PUFAs determine a person’s PUFA status.*

BIOAVAILABILITY OF SUPPLEMENTS

Apart from differing ratios of EPA and DHA in
supplements, which are discussed in the section
‘Clinical uses’ where relevant, fish oils also come
in various different formulations, mostly EEs,

free fatty acids (FFAs) and triglycerides/triacyl
glycerides (TGs). A number of studies have looked
at the bioavailability of these formulations.

Whilst some studies found TG formulations
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to have better bioavailability than EE,?42526
others have found no difference between the
two.27:28.2930 Stydies that compared FFAs with

EE formulations found significantly better
bioavailability of the FFA supplements, especially
when administered with a low-fat meal.26:313233
This is thought to be due to the fact that lipase

is needed for digestion of the EE form.?? FFA fish
oils have also been shown to be better absorbed
than TG formulations.?® The absorption of FFAs
appears to be similar to that of naturally occurring
fish oils, as in fish body or cod liver oil 3!

Overall, the evidence suggests that fish oils in the
FFA form have the best bioavailability, especially
when taken with a low-fat meal. It should be noted
that much of the research into bioavailability of fish
oils was carried out in the 1990s.

The aim of this paper is to review the evidence
for benefits of EPA and DHA supplements from
clinical intervention studies.

GENERAL MECHANISMS

Membrane structure and function

The n-3 and n-6 PUFAs are essential structural
components of cell membranes. The double-
bonds in the carbon-chain of fatty acids
introduce ‘kinks’, which affect the fluidity of the
membrane’s phospholipid-bilayer and as such
its permeability, as well as the structure and
function of membrane-bound proteins (including
enzymes and ion channels) and cell signalling
pathways.343536 Dietary intake of PUFAs can
therefore play an important role in membrane
structure and function.

The predominant PUFA in retinal and neuronal
postsynaptic cell membranes is DHA, and as
such is thought to play an important role in eye
and nervous system function and development
of the foetus.*>3%

Anti-inflammatory effects

EPA and DHA are probably most used for
their anti-inflammatory properties, which are
mediated through a number of mechanisms.

In response to hormones, cytokines
(inflammatory mediators) and other compounds,
PUFAs can be released from cell membranes
and converted to a range of eicosanoids that can



have either pro- or anti-inflammatory properties,
as well as regulate vascular permeability,
vasoconstriction and bronchoconstriction.*® The
interplay of these inflammatory mediators is
complex but, generally speaking, eicosanoids
derived from n-3 PUFAs are considered to be
more anti-inflammatory.3¢

EPA and DHA are also precursors to specialised
pro-resolving mediators, compounds that
ensure that inflammation, which is an essential
protective and repair mechanism, is switched
off after the acute inflammation following an
insult, such as injury or infection, and does not
turn into chronic inflammation, which is the main
underlying cause of most chronic diseases.?’

Another anti-inflammatory mechanism of EPA
and DHA is via regulation of gene expression
(see below).

Over 20 randomised-controlled trials (RCTs)

of fish oil have collected data on inflammatory
markers, and several meta-analyses have
concluded that EPA and DHA can reduce
C-reactive protein (CRP; a marker of
inflammation) in people with dyslipidaemia and/
or high CRP levels at baseline,® in patients with
HIV,*® and in patients on haemodialysis,*® whilst
they found no effects on tumour necrosis factor-
alpha (TNF-a) or interleukin-6 (IL-6),%94° two other
commonly measured inflammatory markers.

Antioxidant effects

The n-3 fatty acids are also believed to have
antioxidant properties, although some studies
in the 1990s have actually shown pro-oxidant
effects at high dosages. This is thought to be
due to the high degree of unsaturation (i.e.
double-bonds between the carbon atoms) that
makes them unstable and prone to oxidation.
Studies have shown benefits of combinations of
omega-3 PUFAs with vitamin E, which acts as
an antioxidant and thus protects the n-3 fats.*

For example, malondialdehyde (MDA; a

marker of oxidative stress) and lipid peroxides
(oxidised lipids) increased in a double-blind,
placebo-controlled trial of a high-dose fish oil
supplement, EPA 3062 mg and DHA 2262 mg
per day, with tert-butylhydroquinone (a synthetic
phenol used as a preservative).*? This increase
was seen both with and without additional
vitamin E (900 IU per day as DL-a-tocophery!
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acetate). A study using 10 000 mg fish oils per
day for 4 weeks also found increases in oxidised
plasma lipoproteins both in smokers and non-
smokers, which was ameliorated when vitamin E
(600 IU per day) was added.*?

However, whilst there is some conflicting research
on this topic, two recent meta-analyses do not
confirm a pro-oxidant effect of EPA and DHA 444
A meta-analysis of 39 studies found that EPA
and DHA supplements can significantly increase
total antioxidant capacity (TAC) and activity of
glutathione peroxidase (an antioxidant enzyme),
and decrease MDA, whilst it found no significant
effects on reduced glutathione, nitric oxide

(NO), or the antioxidant enzymes superoxide
dismutase (SOD) and catalase (CAT).* Similarly,
a meta-analysis of nine RCTs looking at co-
supplementation of vitamin E and n-3 fatty acids
(from plant or animal origin) found significant
improvements of MDA, TAC as well as NO, but not
glutathione, SOD or CAT.** Neither study found a
worsening of any oxidative stress markers.

Whilst the evidence from clinical trials supports
an antioxidant, rather than pro-oxidant, effect
of EPA and DHA, it should be borne in mind that
these fats are vulnerable to oxidation, and the
antioxidant status of the person taking fish oils
needs to be considered.

Regulation of gene expression

The n-3 PUFAs have been shown to regulate
gene expression for proteins involved in lipid

and carbohydrate metabolism, thermogenesis
and inflammatory processes by binding to
transcription factors (proteins that control the
transcription of genes by binding to specific DNA
sequences), including sterol regulatory element-
binding protein, peroxisome proliferator-activated
receptors, carbohydrate response element-
binding protein and nuclear factor-kappa B.364°

CLINICAL USES

Attention deficit hyperactivity disorder
(ADHD)

Attention deficit hyperactivity disorder is
characterised by a variety of symptoms,
including hyperactivity, restlessness, inability
to stay focused, mood swings, temper
tantrums, problems completing tasks and
impulsivity, and is commonly associated with



other disorders including anxiety, depression
and learning difficulties.*®

A review of 15 observational studies looking
at n-3 levels in people with ADHD has found
lower O3l compared with healthy controls,
which could not consistently be explained with
dietary intakes, suggesting metabolic differences
to be responsible for this finding.*® The authors
suggest that measuring baseline O3 may help
identify those patients who may benefit most
from fish oil supplementation. A more recent
observational study from Italy confirms these
findings, reporting a lower O3l in children with
ADHD than in healthy controls.*

A 2018 meta-analysis of n-3 monotherapy

RCTs in children with ADHD found significant
improvements in ADHD clinical symptom scores
(based on five trials) and cognitive measures
associated with attention (based on three trials).*®
Dosages used in the trials included in this meta-
analysis ranged from 126 to 1290 mg combined
EPA and DHA per day. Except for two studies that
only used EPA, all studies used combinations of
EPA and DHA, at various ratios. Durations were
not reported. Another meta-analysis including

10 RCTs in children or adults found no benefits of
fish oils when pooling data from all studies, but
significant improvements in emotional liability and
oppositional behaviour when limiting the meta-
analysis to high-quality studies.*® Dosages and
durations were not reported.

Significant improvements have also been seen
with EPA 294 mg and DHA 206 mg per day for 12
weeks, alongside a Korean red ginseng extract.®05!

Overall, the clinical evidence suggests a benefit
of EPA and DHA for children with ADHD, with a
range of dosages showing benefits.

Asthma

Asthma is a chronic inflammatory disease of
the airways, and is associated with airway
hyper-responsiveness, airway smooth muscle
contraction and excess mucous production.®?

A cross-sectional study in Korean pre-school
children showed that children with atopic
conditions (asthma, allergic rhinitis and/or atopic
dermatitis) had lower O3l than children without
atopy, 7.8% versus 9.1%.%° They also had lower
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overall n-3 PUFAs, and higher n-6 PUFAs and
n-6:n-3 ratio. An Australian cross-sectional
study on the other hand found no difference in
O3l in adults with and without asthma, 6.2%
versus 6.1%, and in fact showed higher n-3
PUFAs and a lower n-6:n-3 ratio in asthmatics
compared with healthy controls.®? They did,
however, find that those asthmatics with the
higher O3l had better controlled asthma.

A 2002 Cochrane review found no consistent
effects of fish oils on markers of asthma severity,
including forced expiratory volume (FEV1), peak
flow rate, asthma symptoms, asthma medication
use or bronchial hyperreactivity.®* Adult dosages
ranged from 1000 to 5400 mg combined EPA
and DHA, at varying ratios, and durations
ranged from 8 weeks to 12 months.

Since then, several more studies have evaluated the
use of fish oils in asthma with contradictory results.

A double-blind, placebo-controlled trial in
12-25 year olds with overweight/obesity

and uncontrolled asthma found no benefit of
fish oils (EPA 3180 mg and DHA 822 mg per
day) for 24 weeks.*® A double-blind, placebo-
controlled study investigating a combination
of fish oils (EPA 230 mg, DHA 125 mg per
day), probiotics, and a fruit and vegetable
extract in children aged 10-12 years, on the
other hand, found significant improvements in
pulmonary function and reduced medication
use compared with placebo, although there
was no difference in Paediatric Asthma
Quality of Life Questionnaire score and the
Childhood Asthma Control Test.®® Because this
was a multi-nutrient intervention, the effect of
the fish oils cannot be determined.

In adults, a double-blind, crossover study

found significant benefits for exercise-induced
bronchoconstriction at a dose of EPA 3200 mg and
DHA 2000 mg per day for 3 weeks.®” On the other
hand, another double-blind, crossover study, using
slightly higher doses (EPA 4000 mg and DHA
2000 mg per day, for 3 weeks), found no benefits
despite an observed change in blood fatty acids
confirming compliance of study subjects.®

A couple of uncontrolled/unblinded studies found
benefits of fish oils, EPA 180 mg and DHA 120 mg
per day for 6 and 3 months, respectively, in adults®®
and children.®



Overall, the results from clinical research are
contradictory. Long-term supplementation

(3—6 months) with a low dose, for example

EPA 180 mg and DHA 120 mg per day,

appears to be of more benefit than high-dose
supplementation, although the current evidence
is insufficient to make clear recommendations on
supplementation of fish oils in asthmatics.

Atopic dermatitis

Atopic dermatitis/feczema is a chronic
inflammatory condition of the skin.

A couple of small double-blind, placebo-
controlled trials showed significant benefits

in patients with eczema. One study with 23
participants used EPA 1800 mg and DHA 1200
mg per day for 12 weeks, and found significant
improvements of patient-assessed itch and scale
and total score with fish oil versus placebo, whilst
physician-assessed scores improved by 30%,
but this failed to reach statistical significance.®
Another study in 53 patients found that DHA
5350 mg and EPA 370 mg per day for 8 weeks
led to a statistically significant decrease in
severity scoring of atopic dermatitis (SCORAD)
from 37 to 28.5, compared with a non-significant
reduction with placebo from 35.4 to 33.%2

Whilst research into the benefits of fish oils

in atopic dermatitis is very limited, there are
some promising results. Both studies used high
doses of fish oils but very different EPA:DHA
ratios, making it difficult to make any particular
recommendations.

Autism

Autism spectrum disorder (ASD) is characterised
by difficulties in social communication and
interaction, and restricted and/or repetitive
interests, activities and/or patterns of behaviour.®?
PUFAs, in particular EPA and DHA, have received
much interest in the treatment of ASD due to
their roles in brain functioning through their
anti-inflammatory properties and importance for
brain cell membrane integrity.®® Restricted dietary
behaviours in individuals with ASD may lead to
nutrient deficiencies, including EPA and DHA.

One study looked at O3l of children with ASD
and found a low O3l of 4.8% at baseline, which
increased by 4.2% in those who received DHA .4
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Three meta-analyses have reviewed the clinical
evidence for the use of n-3 PUFAs in ASD over
the past 5 years, including basically the same
studies and coming to similar conclusions.®36566
The most comprehensive and recent article
reviewed 13 RCTs, and included nine trials,
involving 372 children, in the meta-analysis.®®

It found a significant improvement with n-3
supplementation in the overall Aberrant
Behaviour Checklist (ABC) score, but not in the
ABC subscores or the Social Responsiveness
Scale. Dosages ranged from 200 mg (DHA
only) to 1500 mg of EPA and DHA combined,
with various ratios of EPA and DHA. Some
formulations also included n-6 fatty acids and/or
vitamins and minerals. The durations of the studies
ranged from 6 to 24 weeks. Eight out of the 13
studies found significant improvements in some
outcome measures, but there was no obvious
correlation with either dose or EPA:DHA ratio.

Two more double-blind RCTs have been
published since. One RCT, using EPA 180 mg
and DHA 120 mg per day for 8 weeks, found
small but statistically significant improvements
in stereotyped behaviour, social communication
and Gilliam Autism Rating Scale, but no change
in social interaction.®” The other study used DHA
(722 mg per day) for 12 months, and reported
significant improvements in inappropriate
speech, stereotypy, lethargy and irritability
compared with placebo.®

Overall, there appears to be a benefit of EPA and
DHA in ASD, but the data are too inconsistent

to make recommendations regarding dosage or
EPA:DHA ratio.

Autoimmune conditions
Inflammatory bowel disease (IBD

Inflammatory bowel disease is an auto-
inflammatory condition characterised by
inflammation of the gastrointestinal tract (GIT),
and includes Crohn’s disease (CD; which can
affect any part of the GIT) and ulcerative colitis
(UC; which only affects the colon). Due to the
inflammatory nature of these conditions, fish
oil supplements have received much interest
because of their anti-inflammatory effects.

A study in patients with CD has shown that
n-3 levels in serum were half those of healthy



controls.%® This study also showed that
supplementation with EPA 510 mg and DHA 344
mg per day alongside vitamin D (1000 IU per day;
vitamin D is commonly low in patients with IBD)
for 4-6 weeks increased n-3 status, although this
did not have any effect on CRP or calprotectin (a
marker of intestinal inflammation).%®

By far the largest clinical trials into the potential
benefits of fish oils in preventing relapse in CD
are the Epanova Program in Crohn’s (EPIC)
Studies 1 and 2.%° These double-blind, placebo-
controlled trials of 363 and 375 patients,
respectively, investigated the effects of EPA
2000 mg and DHA 600 mg for up to 58 weeks,
and found no significant reduction in relapse
rate compared with placebo. An RCT in children
with CD, using EPA 400 mg and DHA 200 mg
per day, on the other hand found a significant
reduction of relapses over a 1-year period, 95%
in the placebo group compared with 61% in the
fish oil group.”®

One RCT compared n-3 (3000 mg per day,
dose of EPA and DHA not reported) versus

n-6 supplementation (7600 mg per day), and
found a decrease in CD Activity Index and CRP
in both groups (all patients also received other
medications).”t Whilst the n-3 group had stable
pro- and anti-inflammatory markers over the

2 months of supplementation, despite a lower
than usual dose of steroids, the n-6 groups had a
significant increase in pro- and decrease in anti-
inflammatory cytokines.

Although evidence is somewhat mixed, at
present the clinical research does not support
a recommendation of fish oil supplements for
patients with CD.

Findings from clinical trials in UC, mostly from
the 1990s, are also mixed. A number of double-
blind, placebo-controlled trials have found
benefits for patients with UC with regards to
disease markers such as calprotectin’? and
leukotriene B4 (an inflammatory marker),”374

as well as clinical outcomes, such as disease
activity index and/or histological findings,”?”3 and
reduction in medication use.”3’* However, other
double-blind/placebo-controlled trials found no
significant benefits,”>’¢ sometimes despite an
improvement in n-3 status.”®
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A decrease in inflammatory and/or oxidative
stress markers in patients with UC has also
been seen in a number of unblinded and/or
uncontrolled trials,””78798081 glthough these were
not always associated with significant clinical
improvements.’’ 787980

Most of these trials used high dosages of

EPA and DHA, combined dose 4100-6400
mg per day or EPA alone 2000-4500 mg per
day, and durations ranged from 3 months to 2
years. There was no obvious trend of either a
combination of EPA and DHA or EPA alone, or
dose or duration to affect results.

An open-label pilot study, using EPA 2000 mg per
day, looked at changes in the microbiome, which
is commonly abnormal in patients with UC, and
found improvements after 3 months, which were
accompanied by clinical improvements.&?

Although results are mixed, there appears to be
some benefit of EPA and DHA in UC but, at this
point, there are insufficient data to recommend a
particular dose. Assessing O3l at baseline may
help identify patients who may benefit from fish
oil supplementation.

Multiple sclerosis (MS)

Multiple sclerosis is a chronic inflammatory
disease characterised by demyelination of nerve
cells and injury to the central nervous system.®

A 2019 meta-analysis of four double-blind RCTs
found no significant effect of EPA and DHA on
the Expanded Disability Status Scale (EDSS).84
This meta-analysis also looked at inflammatory
markers; both studies that investigated IL-1b
found significant improvements, whilst only

one of two studies that investigated TNF-a

and IL-6 found significant decreases. Dosages
of combined EPA and DHA used in the studies
included in this meta-analysis ranged from 300
to 4000 mg per day for 12-24 weeks, with
various EPA:DHA ratios. Overall higher dosages
appeared to give better results.

Two double-blind, placebo-controlled studies
not included in the above meta-analysis have
been published. One using low levels of EPA and
DHA, 180 mg and 120 mg per day, respectively,
for 12 months found no effect on inflammatory
markers or EDSS.® The other supplemented



EPA 800 mg and DHA 1600 mg per day for 12
months, and found significant improvements in
inflammatory markers, but not in the glutathione
redox system, EDSS or relapse rate, despite a more
than doubling in O3l (from 3.7% to 8.0%) and a
concomitant decrease in the AA:EPA ratio.838¢

A small open-label study using EPA 2900 mg
and DHA 1900 mg per day investigated a
particular marker, matrix metalloproteinase-9
(MMP-9), which is thought to play an important
role in MS by disrupting the blood—brain barrier,
aiding the migration of inflammatory cells

into the central nervous system.®” The fish oil
supplement decreased MMP-9 after 3 months
of supplementation, but did not lead to an
improvement in quality of life. A 6.3-fold increase
in EPA and a 1.7-fold increase in DHA in RBC
membranes was also seen in this study.

Overall, the evidence suggests that EPA and
DHA have a positive effect on a variety of
biomarkers but not on clinical outcomes in
patients with MS.

Psoriasis

Psoriasis is an autoimmune condition of the skin
that is characterised by excessive proliferation
of cells in the epidermis, which leads to red, flaky
patches of skin covered with silvery scales.

Two meta-analyses on the use of fish oils

in psoriasis were published in 2019, with
differing conclusions. One meta-analysis of 10
RCTs including 560 patients found significant
improvements in Psoriasis Area and Severity
Index (PASI), erythema (redness) and scaling,
whilst improvements in other outcome measures,
itching, desquamation, infiltration and percent
total body surface areaq, failed to reach statistical
significance.®® Overall, eight out of the 10 studies
reported some benefits. Dosages used in most
of the included studies ranged from 352 to 6000
mg per day combined EPA and DHA, at various
ratios, with durations of 4-36 weeks.

The other article reviewed 13 RCTs, but only
included three in the actual meta-analysis and
found no improvement in PASI.& Of the studies
not included in the meta-analysis of this review
article, one used intravenous EPA and DHA,
and one used a supplement mostly containing
n-6 (GLA). Six of the remaining eight studies
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did show some positive results. Dosages and
durations were in similar ranges as in the above
meta-analysis.

Overall, the evidence suggests that fish oils are of
benefit in psoriasis, with a wide range of dosages
and EPA:DHA ratios showing positive results.

Rheumatoid arthritis (RA)

Rheumatoid arthritis is a systemic autoimmune
inflammatory condition affecting the joints, but
also increasing the risk of CVD in patients. RA
affects 0.5-1% of the population worldwide, with
women more commonly affected than men.*®

A 2018 meta-analysis of 20 RCTs involving
1252 patients with RA found that fish oil
supplementation significantly improved disease-
related markers: early morning stiffness;

tender joint count; erythrocyte sedimentation
rate (a marker of inflammation); pain; Health
Assessment Questionnaire; Ritchie articular
index; and grip strength.®® Of five inflammatory
markers evaluated, only one, leukotriene B4, was
significantly reduced compared with placebo,
whilst there was no significant improvement in
CRP, IL-6, TNF-a and IL-1. Dosages ranged from
1670 to 5400 mg per day, one study used EPA
and one ALA only, all other studies used various
combinations of EPA and DHA, for 12-72
weeks. Notably, the study on ALA only did not
find any benefits for RA outcomes.®!

A number of RCTs not included in the above
meta-analysis, many from the 1990s, have
also found benefits of EPA and DHA in
patients with RA9293.9495.96.97.9899 qnd juvenile
idiopathic arthritis.1°

A couple of studies compared high-dose versus
low-dose fish oil supplements, and found
improvements in clinical outcomes with the
high dose but not the low dose. Doses in these
studies were EPA 728 mg and DHA 156 mg
versus EPA 364 mg and DHA 78 mg per day,®
and combined EPA and DHA 5500 mg per day
versus 400 mg per day.®

With an increase in veganism/vegetarianism,
plant-based n-3 supplements have also received
interest, and whilst ALA does not appear to have
beneficial effects in RA,°t DHA from algae, 2100
mg per day for 10 weeks, has been shown in a



double-blind, placebo-controlled crossover study
to improve clinical outcomes and decrease both
RBC AA:EPA and AA:DHA ratios, resulting in a
positive shift in eicosanoids.'°!

Most trials used dosages of combined EPA

and DHA of 3000 mg per day and more, with

a range of 1300-5800 mg per day for 3-12
months. EPA:DHA ratio varied between studies.

The evidence from clinical trials is
overwhelmingly in favour of a therapeutic effect
of EPA and DHA in RA, with higher dosages
showing better results. A daily dose of 3000 mg
per day could be suggested, whilst the ratio of
EPA:DHA does not appear to make a difference.

Systemic lupus erythematosus (SLE)

Systemic lupus erythematosus is a systemic
autoimmune condition, affecting mostly women,
which is characterised by inflammation in
several tissues and organs, including joints,
skin, kidneys and blood vessels, potentially
causing significant damage to these organs and
increasing the risk of CVD.1?

A cross-sectional pilot study in 33 women with
SLE, with or without concomitant CVD, and 20
healthy controls found that women with SLE
had a significantly lower O31 and higher AA:EPA
ratio than healthy controls, irrespective of their
CVD status.'®

A 2020 meta-analysis of five RCTs involving 274
patients with SLE found a significant reduction

in SLE Disease Activity Index with fish oils.104
Dosages of combined EPA and DHA used in the
studies ranged from 1280 to 4500 mg per day,
for 12-26 weeks, with varying EPA:DHA ratios.
Studies with dosages of 3000 mg per day or
more appeared to show more benefits.

Three double-blind, placebo-controlled crossover
studies from the 1990s, not included in the
above meta-analysis, gave conflicting results.
One study showed an improvement after 12
weeks in 14 out of 17 patients on the fish oil
supplement (20 000 mg n-3 fats, EPA and DHA
amounts and ratio not reported), whilst 13 out of
17 patients stayed the same or worsened on the
placebo, a statistically significant difference.1
All patients in this study followed a low-fat

diet, and also received vitamin A (4000 IU) and
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vitamin D (400 IU). The second study found
improvements in the fish oil group (200 mg

per kg body weight, DHA:EPA not reported)
compared with the placebo group after 3 but not
after 6 months of supplementation.% The third
study focussed on patients with stable lupus
nephritis, and found no difference between fish
oil, EPA 2700 mg and DHA 1700 mg per day,
and placebo after 1 year of supplementation in
either disease activity or renal function.%”

There appears to be a benefit of EPA and DHA
in SLE, at a dose of 3000 mg per day combined
or more.

Cardiovascular disease

Cardiovascular disease is a general term for
diseases affecting the heart and blood vessels,
and includes CHD, which can lead to angina,
myocardial infarction (Ml) and heart failure,
strokes and transient ischaemic attacks (TIAs),
and peripheral artery disease. CVD is the
leading cause of death globally, and it presents a
significant healthcare burden.'®

The n-3 PUFAs have been extensively studied
in the prevention and treatment of CVD, both in
clinical trials and in observational studies. There
have been contradictory findings leading to
controversy over the use of fish oils in patients
with or at risk of CVD.

Low O3l has been associated with increased
risk of CVD, and cut-off points of low (4%),
intermediate (4-8%) and a desirable high level
of > 8%, at which CVD risk is lowest, have been
suggested in the early 2000s.1%° These findings
were confirmed in a 2017 meta-analysis of 10
observational studies, which also found a 15%
decrease in risk of CHD for a 2.1% increase in
O31.11° Similar reductions were also found in the
Framingham offspring cohort (2500 participants)
where those in the highest O3l quintile (> 6.8%)
had a 39% lower risk of CVD events compared
with the lowest quintile (< 4.2%), and a 34%
lower risk of all-cause death, although there
was no statistically significant reduction in risk
of CVD death.!! This study found a stronger
association for DHA than EPA.

In 2018, a meta-analysis of 10 RCTs, which
included at least 500 participants and lasted
for at least 1 year (47 803 participants overall),
made headlines as it concluded that there is no
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statistically significant effect of EPA and DHA
on either CHD event, CHD deaths, non-fatal Ml
or any major vascular event.!*? Dosages used in
the included trials ranged from 376 to 2550 mg
per day.

Since then, seven more meta-analyses of

RCTs have been published, all of which show
benefits of fish oils in CVD.108113.114.115116.117.118
The most recent and most comprehensive one
reviewed 83 RCTs and cohort studies for 11 CV
outcomes.!3 The findings are as follows.

e Total mortality from CV causes:
— 26 RCTs with 82 696 participants:
statistically significant 8% reduction in risk,
low heterogeneity;
—15 cohorts with 558 826 participants:
statistically significant 24% reduction,
high heterogeneity.

e CV deaths:
— 22 RCTs with 76 407 participants:
statistically significant 7% reduction,
low heterogeneity.

e Cardiac death:
— 20 RCTs with more than 79 410
participants: statistically significant 10%
reduction, low heterogeneity.

e Post-operative atrial fibrillation (AF):
— 21 RCTs with 4201 participants:
statistically significant 35% reduction,
high heterogeneity.

e Coronary events:
— 10 RCTs with 77 917 participants:
no statistically significant effects, no
heterogeneity.
— 14 cohorts with 344 722 participants:
statistically significant 11% reduction,
low heterogeneity.

e Coronary deaths:
— 10 RCTs with 77 917 participants:
no statistically significant effect, no
heterogeneity.
— 10 cohorts with 357 621 participants:
statistically significant 15% reduction, no
large heterogeneity.

e Arrhythmias or sudden death:
— 12 RCTs with 43 987 participants:
no statistically significant effect, low
heterogeneity.
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— 5 cohorts with 201 205 participants:
statistically significant 47% reduction, no
heterogeneity.

e (Vevents:
-9 RCTs with > 72 179 participants:
no statistically significant effect, low
heterogeneity;
— 6 cohort studies with 68 954 participants,
no statistically significant effect, large
heterogeneity.

o Ml
— 20 RCTs with 86 411 participants:
no statistically significant effect, low
heterogeneity;
— 7 cohort studies with 274 083 participants:
no statistically significant effect, large
heterogeneity.

e Recurrent AF:
— 8 RCTs with 1990 participants: no
statistically significant effect, high
heterogeneity.

e Stroke/TIA:
— 11 RCTs with 32 026 participants:
no statistically significant effect, low
heterogeneity.

The other meta-analyses listed above come to
similar risk reductions, although there is some
inconsistency as to which CV outcomes have
statistically significant results, which is most
likely due to the differing inclusion criteria for
RCTs, for example, some only included larger
studies (more than 500 participants),t%81® whilst
some only included trials that used larger doses
of fish oils!® or durations of supplementation of
at least 1 yeqr,108115116

Dose in particular appears to be an important
factor. Two meta-analyses found significant
positive dose-response relationships for Ml and
total CVD,** and total CVD and major vascular
events,'*® respectively.

A number of meta-analyses also compared
lower versus higher dosages. A meta-analysis
of 17 RCTs of at least 1 year duration found

no significant benefits with dosages (all EPA
and DHA combined) below 840 mg per day, a
significantly decreased risk of cardiac death with
at least 1680 mg per day (based on six RCTs),
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and significantly reduced risk of sudden death
(based on one RCT) and stroke (based on two
RCTs) with at least 2520 mg per day.'*® This
study found no significant benefit for all-cause
mortality and non-fatal Ml at any dose.

Another meta-analysis (16 RCTs with 81 073
participants) also found no significant risk
reduction with a dose of 1000 mg per day, but
significant reductions in cardiac mortality (9%),
major CV events (10%) and MI (17%) with
higher dosages.!*® This study also addressed the
question of whether EPA alone or in combination
with DHA was more effective, with inconsistent
results. Whilst the risk of cardiac death was
reduced with EPA plus DHA but not EPA alone,
the risk of MI and major vascular events was
reduced only with EPA alone and not with

the combination. It should be noted that only
three of the 16 studies included in this meta-
analysis actually only used EPA, all others used
combinations of EPA and DHA.1®

A 2020 meta-analysis of 14 RCTs (125

763 subjects, inclusion criteria: at least 500
participants, at least 1 year duration) compared
low dose (< 1000 mg per day) versus high dose
(> 1000 mg per day), and found significant risk
reductions with high dose compared with control
and low dose in cardiac death (21%, all versus
control), Ml (29%), coronary revascularisation
(26%), unstable angina (27%) and major vascular
events (22%).1%¢ Risk reductions with the low dose
versus control were seen in cardiac death (8%)
and MI (9%), whilst no significant effects were
found for all-cause mortality, stroke or sudden
cardiac death.

This study made headlines as it also found

a 35% increased risk of AF in the high

dose compared with controls, as well as of
bleeding events (49%), but not gastrointestinal
disturbances.1%®

The issue of AF has been subject to three
further meta-analyses specifically on this

topic, published in 2021. One was by the same
authors as the above meta-analysis, which
initially reported the increased risk, and included
five RCTs (the initial meta-analysis only included
three RCTs for AF) and found similar results,

a 37% increased risk.!*® The two other meta-
analyses, based on six*?° and eight RCTs,*?! also
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found statistically significantly increased risks
of 31% and 51% with a high dose (more than
1000 mg per day), and 12% with a low dose
(1000 mg per day or less). Except for one trial,
all trials included in these meta-analyses were
performed in patients with established CVD or
at high risk of CVD.

A mechanism by which fish oils may increase
the risk of AF is unclear,!'%12° raising the question
whether the association is causal.

The evidence from clinical trials suggests that
EPA and DHA decrease the risk of various CV
outcomes, including cardiac death and overall
CV mortality, with dosages over 1000 mg

per day combined EPA and DHA being more
beneficial than lower dosages. At present there
are insufficient data to compare EPA alone
versus EPA plus DHA.

These benefits need to be weighed against the
potentially increased risk of AF. It needs to be
borne in mind that, whilst the relative increased
risk of AF is relatively high, the absolute risk

of AF is actually fairly small. For example,

the REDUCE-IT trial showed significant risk
reductions in various CV outcomes with a highly
purified EPA product (4000 mg per day), but
also found an increased risk of AF. The absolute
risk of AF with EPA was 5.3% versus 3.9%

with placebo, whereas the absolute risks of

the primary outcomes, CV death, non-fatal Ml,
non-fatal stroke, coronary revascularisation and
unstable angina combined were 17.2% with and
22.0% without EPA 120122

CV risk factors

Cardiovascular disease usually develops over
many years, and risk factors include high blood
pressure, abnormal blood lipids, smoking and
poor diet. Dyslipidaemia, in particular, has been
studied extensively for benefits from fish oils.

A 2018 meta-analysis of 171 RCTs looked at
the effect of fish oils on a number of CV risk
factors, and found significant reductions in
triglycerides (—0.368 mmol/l), systolic blood
pressure (-2.195 mmHg), diastolic blood
pressure (—1.08 mmHg), heart rate (-1.37 beats
per minute) and CRP (-0.343 mg/l), whilst

both low-density lipoprotein (LDL) and high-
density lipoprotein (HDL) cholesterol increased
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(0.15 mmol/l and 0.039 mmol/l, respectively).*?3
No significant changes were found for total
cholesterol, TNF-a, fibrinogen, platelet count,
soluble intercellular adhesion molecule-1,
soluble vascular cell adhesion molecule-1 or
flow mediated dilation (a marker of endothelial
function). Dosages in the reviewed studies
ranged from 180 to 15 000 mg per day, and
durations from 4 to 240 weeks.

A 2020 meta-analysis of 64 RCTs compared
the efficacy of krill oil versus fish oil in lowering
triglycerides, and found that there was no
statistically significant difference between krill
and fish oils.?2*

In some countries, including the UK, high-dose
EPA EEs are licenced drugs for the treatment of
hypertriglyceridaemia.'?®

Children: effect of maternal
supplementation during pregnancy

Adequate supplies of n-3 PUFAs, especially
DHA, during pregnancy are crucial for the
developing foetus, and research on the effects of
supplementation during pregnancy has not only
focussed on maternal and neonatal outcomes
(see the section ‘Pregnancy’), but also on the
longer-term health of the offspring, in particular
with regards to allergy and asthma, body
composition and cognitive development.

Allergy/asthma

Results from observational studies suggest that
intake of fish during pregnancy reduced the risk

of asthma and eczema in the offspring; however,
evidence from RCTs of n-3 supplementation during
pregnancy give conflicting results.!?6

A 2019 meta-analysis of 10 RCTs including

3637 children found no significant effect of n-3
supplementation during pregnancy alone, or
pregnancy and lactation/neonatal supplementation
on any allergic outcomes (any allergy, eczema,
asthma/wheeze, allergic rhinitis, food allergy)
except sensitisation to eggs and peanuts.t?”
Dosages ranged from 400 to 2400 mg per day
with various EPA:DHA ratios. One study used two
portions of salmon and one blackcurrant seed oil
rather than fish oils. There were no obvious trends
with regards to particular dosages or different
sources being more or less effective.

In a 2020 meta-analysis of seven RCTs
including 2047 children, with follow-up periods
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of 6 months to 16 years, focussing on fish oil
supplementation during pregnancy and asthma
in the offspring only, a reduction in overall risk of
asthma failed to reach statistical significance.'?®
However, subgroup analysis found significant
reductions with a daily dose of 2000 mg
combined EPA and DHA per day in those with an
atopic family history and in European countries.

Overall, there is conflicting evidence for a benefit
of maternal fish oils supplementation on the

risk of developing childhood allergies, although
those with a family history may benefit from
supplementation of at least 2000 mg combined
EPA and DHA per day.

Body composition/weight

Two meta-analyses investigated the potential
benefits of maternal fish oil supplementation
on obesity measures in the offspring. One
study of 11 RCTs, including 3644 children,
found no significant effects on any obesity
outcomes. Dosage range was typically 400

to 1500 mg per day.'?® The other included 26
RCTs with 10 970 participants, and included
fish oil supplementation during pregnancy
and/or lactation, with a follow up of up to 19
years.'* This study found significantly higher
birth weight and postnatal waist circumference
in those whose mother took fish oils compared
with controls, but no significant effects on any
obesity-related outcomes. The dosage range
was 200-3200 mg per day, with various
EPA:DHA ratios.

The current evidence suggests that maternal fish
oils supplementation does not influence obesity-
related outcomes in the offspring.

Cognitive development

Two meta-analyses evaluated cognitive
function in the offspring of mothers who took
part in fish oil supplementation trials during
pregnancy.t3t132 The studies included five and
seven RCTs, respectively, with dosages ranging
from 200 to 3300 mg per day, and neither found
any association with cognitive outcomes.

Cognition

The n-3 PUFAs, and DHA in particular, are
essential for the integrity and function of neuronal
tissues.!** Neuronal membranes make up about
30% of brain matter and are high in DHA, which
has been shown to be low in people with cognitive
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decline.’®* Lower O3l has been associated with
a more rapid cognitive decline and an earlier
onset of dementia compared with a higher
03I, as reviewed by von Schacky in 2021.13%

A 2020 cross-sectional study also found

that higher plasma EPA and DHA levels

were consistently correlated with a lower

risk of dementia and cognitive decline.’*® The
Multidomain Alzheimer’s Preventive Trial found
an O3l cut-off of 5%, below which dementia-
free subjects aged 70 years or older with
subjective memory complaints had increased
risk of cognitive decline.*®’

In 2020, a meta-analysis evaluated the
results of 10 clinical trials, nine of which

were RCTs, and found no significant effects
of DHA in preventing age-related cognitive
decline.’*®* The DHA dose range was 190-900
mg per day, either with or without EPA, for
4-36 months. Another meta-analysis of

18 RCTs in adults without dementia found

no effect on global cognitive function, but
small, statistically significant improvements
in memory.3* Dosage ranges were DHA
200-1550 mg per day, EPA 60-1740 mg per
day, and combined 300-2800 mg per day,
with durations of 4 weeks to 5 years. The
heterogeneity observed in the results could
not be explained by either dose or duration of
supplementation.

The effect of fish oils on cognition has also
been investigated in young people. A meta-
analysis of 29 RCTs including 4247 people

up to 25 years old found no overall effect of
fish oil supplementation on cognitive function
(based on standardised cognitive function
tests).’*® However, subgroup analysis showed
significant benefits of EPA-rich, but not DHA-
rich, formulations with more pronounced
effects in populations with psychiatric
disorders. The EPA dosage range was 0-720
mg per day, DHA dosage range 0-1200 mg
per day, and combined dosage range 96-1200
mg per day, and duration was 4-48 weeks.

Overall, clinical trials do not support a role

of fish oils in preventing or treating impaired
cognitive function, except in young people with
psychiatric disorders.
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Alzheimer’s disease (AD)

There are a number of intervention studies on
fish oils in AD specifically.

In 2016, a Cochrane review and meta-analysis of
three RCTs, including 632 patients, concluded that
EPA and DHA had no significant benefit in mild

to moderate AD.'* A meta-analysis of five RCTs
published in 2020 also found no effects of fish oils
on cognitive function in patients with AD (no more
detail available as the full article is in Spanish).4°

Three studies, not included in the Cochrane
review, also failed to find significant benefits for
fish oils in AD, with dosages of EPA 600 mg and
DHA 625 mg per day for 4 months,*** EPA 1080
mg and DHA 720 mg per day for 24 weeks,*?
and EPA 1000 mg per day for 12 weeks.43

Those studies that evaluated RBC n-3

PUFAs found significant increases with
supplementation. 141142143144 One study also found
increases in DHA and EPA in the cerebrospinal
fluid (CSF) following supplementation, with DHA
levels in CSF being inversely related to total and
phosphorylated tau protein (a marker of AD).14*

Overall, at present, clinical trial data suggest that
EPA and DHA are of no clinical benefit in AD.

Diabetes

Global rates of diabetes have reached epidemic
proportions, and according to the World Health
Organisation the number of diabetics has

risen from 108 million in 1980 to 422 million in
2014.14¢ As diabetes is an important risk factor
for CVD, the role of EPA and DHA on glycaemic
control and other CV risk factors has been
intensively studied.

Eight meta-analyses, including over 45

RCTs, have evaluated the potential benefits

of fish oils in diabetics over the past 3 years,
with most showing statistically significant
improvements in some but not all markers of
glycaemic control, inflammation and blood
lipids, with inconsistency as to which markers
were improved. Improvements have been seen
in fasting blood glucose (FBG),**"*4¢ HbAlc
(glycated haemoglobin),**® fasting insulin,**’
triglycerides, 48149150 gpolipoprotein A2,*€ LDL
cholesterol,}* TNF-a *° and IL-6.14° However, two
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meta-analyses did not find any benefits of n-3
PUFAs for glycaemic control in diabetics.t°0151
One meta-analysis found significant benefits,
in terms of reduced proteinuria, in patients with
diabetic nephropathy.t®?

The dosage range in adults was 400-10 000 mg
per day with various EPA:DHA ratios. One earlier
meta-analysis carried out a subgroup analysis of
EPA:DHA ratio and found ratios of > 1 to be more
effective, although this failed to reach statistical
significance,'** whilst none of the above studies
reported any effects of dose.

One meta-analysis focussed on insulin sensitivity
in children and found significant improvements.
Subgroup analysis showed the best benefits with
a dosage of 1500 mg per day or less, EPA:DHA
higher than 1, and duration 6 months or less.***

Overall, fish oils supplementation appears to be
of benefit to patients with diabetes, but there is
heterogeneity between studies with regards to

an effective dose, with a higher EPA:DHA ratio

possibly more beneficial.

Male infertility

Infertility affects about 15% of couples worldwide,
and in about half of these male infertility is
present.’®® Asthenozoospermia is a specific cause
of male infertility characterised by reduced or
absent sperm motility.**® A link between sperm
motility and the DHA concentration in semen

and sperm has been reported, in particular in
asthenozoospermic men.%®

A 2019 meta-analysis of three RCTs involving
290 infertile men reported significant
increases in sperm motility and sperm DHA
concentration, but no effects on sperm
concentration or sperm DHA.**” Two studies
used DHA only (400-800 mg per day), and
the third used EPA 1120 mg and DHA 720 mg
per day, with no apparent difference in results.
Studies lasted for 12-32 weeks.

Three further double-blind, placebo-controlled
trials have investigated the effect of DHA-rich
supplements, either alone!®®1%8 or with vitamin
E,1%¢ in infertile men, and have confirmed the
positive effects on sperm motility, especially in
men with asthenozoospermia. No effects on
other traditional sperm or semen parameters
were detected in any of the trials, except

for improvements in oxidative stress in
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semen'®*® and in antioxidant status, which was
associated with decreased DNA damage in
the spermatozoa.*®® The DHA dosage range
was 465-2000 mg per day, for 10 weeks to 3
months. One study compared daily dosages
of 500 mg, 1000 mg and 2000 mg of DHA,
and found that improvements were seen after
1 month with 1000 mg and 2000 mg, whilst
improvements with 500 mg were only seen
after 3 months.**®

Although there are no data on pregnancy rates,
the overall evidence from clinical research
suggests a benefit of DHA, either alone or

with EPA, on sperm motility of infertile men,
especially in men with asthenozoospermia. A
dose of at least 500 mg DHA per day could be
recommended.

Mental health
Depression

A review of 15 observational studies looking at
n-3 levels in patients with depressive disorders
found lower n-3 PUFAs, in particular DHA,
compared with healthy controls, with RBC levels
for DHA ranging from 0.8 to 4.0% in people with
and 1.6 to 5.4% in those without depression.#®
Since then, a number of further studies on O3l
and depression have been published.

A study in menopausal women, taking or

not taking hormone replacement therapy
(HRT), evaluated the association between

O3l and depression and found a small inverse
association in women taking HRT, but not in
those not taking HRT.**® However, all groups,
with or without depression and with or without
HRT, had O3l levels of > 8% on average, i.e. in
the optimal range. An Australian study of 116
patients with depression and schizophrenia
found average O3l levels to be 3.9%, compared
with an O3l of 5% in the general Australian
population, with more than half the patients
having an O3l of < 4% and none an O3] of >
8%.1%% A case—control study in patients with

or without major depressive disorder (MDD)
reported a mean O3l of 3.9% in those with
MDD versus 5.1% in those without.'6!

The O3I has been shown to be lower in
adolescents with or at risk of bipolar disorder
(BP) compared with healthy controls, with 97%
of those who had an episode of BP having an
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O3l < 4%, compared with 61% of healthy
controls.'®? A case—control study in adolescents
with or without depression showed DHA to be
decreased in those with depression.?¢?

In view of the overwhelming evidence that low
levels of EPA and DHA are associated with
depression, dozens of RCTs have been carried
out evaluating the effects of EPA and/or DHA
in depression.

Nine meta-analyses have been published

in the last 5 years. A 2021 meta-analysis

of 31 RCTs, including 41 470 participants,
found no effects of n-3 PUFAs on depression
or anxiety, and concluded that “Long-chain
n-3 supplementation probably has little or

no effect in preventing depression or anxiety
symptoms”.164 However, this meta-analysis
included studies with participants with and
without a diagnosis of depression or anxiety,
which may have weakened any effects
observed in depressed patients. Another
meta-analysis of four RCTs published in 2021,
which looked at EPA alone or with DHA (range
1000-2000 mg combined) alongside the
antidepressant drug sertraline,

also found no significant effects.®®

Dose appears to be an important factor. A
meta-analysis of 10 RCTs comparing high

(= 2000 mg per day combined EPA and

DHA) and low dose (< 2000 mg per day)
supplementation found both high and low
dose to be significantly better than placebo in
relieving depression in patients with MDD, and
high dose to be better than low dose.!®® This
meta-analysis only included studies of 9 weeks
or less duration, and with patients who had a
diagnosis of MDD. A meta-analysis of 13 RCTs
including 1233 patients with MDD also found
significant benefits of fish oils in MDD.¢” A
subgroup analysis showed better results with
higher EPA amounts (no cut-off dose reported).
A 2019 meta-analysis of 26 RCTs with 2160
participants also showed significant benefits

in patients with depression, especially with
high-EPA formulations.'®® This study showed
that DHA alone or formulations with higher
DHA content had no effect, whilst supplements
with EPA alone or making up at least 60% and
with an EPA dose of at least 1000 mg per day
showed significant benefit.
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Another meta-analysis of 25 RCTs involving
1373 patients with MDD also found beneficial
effects of EPA and/or DHA, although the authors
note that the evidence overall is of poor quality
and that there was considerable heterogeneity
that was not explained by subgroup or
sensitivity analyses.'®?

Two meta-analyses looked at the potential
benefits of fish oils for depression in the elderly,
with conflicting results. One meta-analysis of
nine RCTs found no benefit and no significant
moderating effects of comorbidity, baseline
depression, intervention duration and EPA:DHA
ratio, potentially due to limited statistical
power.’? Only three of the included RCTs were
in elderly people with depression at baseline.
The other meta-analysis, which included six
RCTs, found benefits in people with depression
(based on four studies) but not in those without
depression (based on two studies).?’t

One meta-analysis of four RCTs looked at the
potential benefits of EPA and DHA in 153 children
with depression and no drug treatment, and found
no significant improvements.?’? Dosages ranged
from 1000 mg to 3400 mg per day (combined
EPA and DHA) with various EPA:DHA ratios,

for 10-16 weeks.

Overall, the evidence suggests that fish oils are of
benefit in adults with depression, whilst there is no
effect on depressive symptoms in people without
diagnosed depression. EPA appears to be of more
benefit than DHA, so a pure EPA or high-EPA
formula should be chosen, providing at least

1000 mg EPA.

Schizophrenia

Schizophrenia is a chronic, severe mental
disorder affecting 1% of the population
worldwide.'”? People at high risk of schizophrenia
have been found to have low O3l, with a mean of
3.0% in one study.?’4

A 2021 meta-analysis of 20 double-blind RCTs,
involving 1494 patients with schizophrenia,
found overall statistically significant
improvements in psychopathology, particularly
general psychopathology, and positive symptoms
but not negative symptoms with fish il
supplementation.’>When EPA dose was greater
than 1000 mg, there was a significant beneficial
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effect on general psychopathology, positive and
negative symptoms, whilst with dosages of
1000 mg or less, only general psychopathology
improved. Subgroup analysis showed also that
benefits were greater in those with more severe
disease at baseline.

Since then, two more RCTs have been published,
both of which did not show any improvement in
schizophrenia outcomes, but EPA dosages were
below 1000 mg per day, EPA 540 mg with DHA
360 mg per day for 8 weeks,*’® and EPA 360

mg with DHA 240 mg per day for 12 weeks,'”?
respectively, so may have been too low for
positive effects. The latter study found significant
improvements in brain-derived neurotrophic factor,
as well as reductions in TNF-o, CRP and IL-6.173

Overall, the evidence from clinical trials suggests
that fish oils with EPA dose of over 1000 mg per
day are beneficial in schizophrenia.

Non-alcoholic fatty liver disease (NAFLD)

Non-alcoholic fatty liver disease is characterised
by excess fat accumulation in liver cells, and is
estimated to affect 20-30% of the populations

in Western countries.?”” Whilst low dietary n-3
PUFA intakes have been reported in patients
with NAFLD, there are no epidemiological studies
evaluating the O3l in this condition.'”®

Five meta-analyses, including over 20 RCTs
altogether, have been published in the past 3
years assessing the benefits of n-3 PUFAs in
NAFLD. One meta-analysis of 13 RCTs including
268 subjects looked at liver enzymes only,

and found a significant decrease in alanine
aminotransferase, but not other liver enzymes.t’?
The other four looked at a number of outcomes,
one in children only,'®% and all found significant
decreases in liver fat content.!//:178.180.181

Results for other outcomes were inconsistent;
positive effects have been reported for liver
enzymes,t77180181 hlood lipidst’”178181 and
glycaemic control,}’”18% although n-3 fats did not
affect all markers (other than liver fat) in any of
these studies.

Not all meta-analyses reported dosages,

durations and types of n-3 fats included in their
meta-analyses, and none reported any effect of
dosage on outcomes through subgroup analysis.
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Fish oils appear to have a number of benefits
in patients with NAFLD, but there is insufficient
information to make dosage recommendations.

Obesity/weight loss

In 2018, it was estimated that 41% of men in
the UK were classified as overweight and 26%
as obese, in women the numbers were 30%

and 29%, respectively, and 1in 5 children is
classified as obese.®2 Some animal models have
suggested that n-3 PUFAs may play a role in
weight management, but evidence in humans
has been contradictory.®

A cross-sectional study from Australia found
that healthy young women with obesity had

a significantly lower O3l than their non-obese
counterparts, 5.9% versus 6.7%, despite similar
intakes.'® Another study suggests that there
may be gender differences with regards to

the association of O31 and obesity, with a
significant inverse correlation between EPA
and DHA and body mass index (BMI), waist
circumference and body fat, in women but not
men.'®* A correlation between O3l and BMI has
also been found in children, with 33% of obese
children having an O3I of < 4% compared with
17% of non-obese children.!8®

Two meta-analyses, including 11 and 21 RCTs,
respectively, have evaluated the effect of fish
oils on weight loss in obesity, and both found
that n-3 PUFAs can lead to a reduction in waist
circumference,'®¢®” glthough in one this was
only when combined with lifestyle modification
(diet and/or exercise).’®” Neither study found a
significant effect on weight loss or BMI. Across
the two meta-analyses, total n-3 dose ranged
from 540 mg to 11 300 mg per day, with
varying EPA:DHA ratios (EPA/DHA dosages
are not reported). One of the meta-analyses
reported that neither dose nor EPA:DHA ratio
affected outcomes.'®’

One meta-analysis of six RCTs including 342
children looked at the effect of EPA and/or DHA
on weight loss in children, and found no effects on
either BMI, weight loss or waist circumference. '8

A more recent RCT in women with depression
and obesity found a beneficial effect of EPA and
DHA, 1080 mg and 720 mg per day, respectively,
for 12 weeks, alongside a calorie-reduced diet,
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with a significantly greater weight loss in the fish
oil group compared with the placebo group, 3.07
kg versus 1.16 kg.*® However, at follow-up 1
month after the end of the study, women in the fish
oil group had regained 2.8 kg, whilst the placebo
group reduced weight by a further 0.21 kg.

Overall, the evidence suggests that fish oils may be
of benefit for reducing waist circumference in adults
with obesity, especially when used alongside other
diet or lifestyle interventions. There are insufficient
data to recommend a particular dose.

Osteoarthritis (OA)

Osteoarthritis is a common inflammatory
condition of the joints, and is often considered to
be due to ‘wear and tear’. Considering the high
prevalence of OA (it is estimated that 9 million
people in the UK have OA)!° and the popularity
of fish oil supplements for this indication, clinical
research on this topic is limited.

An early pilot study of 26 patients with OA found
that EPA (dose reported as 10 ml) for 6 months
decreased pain score by 37% and interference
with activities by 30%, compared with 21%

and 11%, respectively, with placebo, although
the difference was not statistically significant,
probably due to the small sample size.'°!

Since then, four more RCTs have reported benefits
of fish oils, either on their own or in combination
with other nutrients. A double-blind, placebo-
controlled trial using EPA 400 mg and DHA

2000 mg per day for 16 weeks found significant
improvements in OA-specific pain and OA burden
in the fish oil group with and without curcumin,
compared with curcumin alone or placebo.*®? A
study of glucosamine, 1500 mg per day, with or
without fish oils found treatment with n-3 PUFAs,
600 mg per day (no further details) for 26 weeks,
more efficacious than glucosamine alone.®3

Two trials compared low- with high-dose fish
oils. One of these tested EPA 400 mg and DHA
200 mg per day versus EPA 800 mg and DHA
400 mg per day versus no supplement for 8
weeks, and found significant improvements

in all outcome measures with both fish oil
supplements compared with control, and the
low dose more beneficial than the high dose,
although this was not statistically significant for
all parameters.'* The other high- versus low-
dose trial tested EPA and DHA 4500 mg per day
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(ratio 3:2) versus 450 mg per day for 2 years.'®®
The investigators found the low dose to lead to
significantly greater improvements in pain and
function than the higher dose, despite the finding
that the latter increased RBC DHA and EPA more
than the lower dose.

The evidence suggests that fish oils supplements
are of benefit in arthritis, with lower doses possibly
more effective than higher dosages. Dosages of
450-600 mg combined EPA and DHA have been
shown to be effective.

Pain
Pain is closely associated with inflammation, and

EPA and DHA are therefore commonly used for
painful conditions other than arthritis.

Several double-blind, placebo-controlled studies
have evaluated the effects of fish oils in non-
arthritic musculoskeletal pain with conflicting
results. A subgroup (1398 patients) of a larger
trial found no benefit of EPA and DHA (combined
dose 840 mg per day) on chronic knee pain over
a median follow-up of 5.3 years.'¢ A trial of EPA
1530 mg and DHA 1040 mg per day for 8 weeks
in 65 patients with rotator-cuff-related shoulder
pain found significant improvements in Shoulder
Pain and Disability Index after 3 months, but

not in Oxford Shoulder Score.!*” A study in 27
young adults found that EPA 324 mg and DHA
216 mg per day for 30 days reduced delayed-
onset muscle soreness at 48 hours after eccentric
training.!*® And a study combining EPA 149 mg
per day with serine 596 mg per day for 8 weeks
has shown significant improvements in 120
patients with knee or low-back pain.t®

Aromatase inhibitors (Als) are a commonly
used treatment for breast cancer, and can
cause musculoskeletal pain. Two double-blind,
placebo-controlled trials found no benefit of
fish oils compared with placebo in Al-induced
pain.??9291 The combined dosage of EPA and
DHA was 4300 mg and 3300 mg per day for
24 weeks, respectively.

Randomised-controlled trials have shown
promise in reducing post-operative pain in
patients after weight loss surgery with EPA
3000 mg and DHA 1260 mg per day for 10 days
before surgery,?°? and in neonates after major
heart surgery with DHA 75 mg per kg body
weight per day.?%
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An RCT in 120 women with dysmenorrhoea
(painful periods) showed that 1000 mg fish oil (no
further details reported) daily for 2 months was
superior to ibuprofen (taken only when needed)
for pain relief.204

Another RCT compared amitriptyline alone or
with DHA 250 mg and EPA 16.67 mg per day
plus alpha-lipoic acid (600 mg per day), for up
to 12 weeks, in 84 women with vestibulodynia
(chronic pain in the vulvar area) associated
with painful bladder syndrome, and found a
significantly greater reduction in pain in those
with the supplement compared with those on
amitriptyline only.2°®

Overall, EPA and DHA are promising in a
number of painful conditions. As both pain
conditions and dosage varied widely, it is not
possible to make specific recommendations, but
durations of 8-12 weeks have been sufficient
for more chronic types of pain, whilst in acute
post-operative pain shorter durations with
higher dosages were beneficial.

Polycystic ovary syndrome (PCOS)

Polycystic ovary syndrome is a common
condition that affects about 1 in 10 women, and
is characterised by enlarged ovaries that contain
many fluid-filled sacs (follicles) that surround the
eggs, excess androgens (‘male” hormones) and
irregular periods.?’® Whilst generally considered
an endocrine disorder, the underlying cause of
PCOS is thought to be insulin resistance (IR).

Two meta-analyses have evaluated the
potential benefits of fish oils in PCOS, with
contradictory results. A meta-analysis of three
RCTs in 2017 found no benefits with regards to
IR or Homeostatic Model Assessment of Insulin
Resistance (HOMA-IR).2%” Dosages used in the
included studies ranged from 1200 to 3600

mg n-3 PUFAs (not further described) for 6-8
weeks. A meta-analysis of nine RCTs published
in 2018, on the other hand, found significant
improvements in HOMA-IR (based on six
studies), total and LDL cholesterol, triglycerides
and adiponectin, but not sex hormone levels,
BMI, fasting glucose and insulin.?°® The included
studies used a dosage range of 900-4000 mg
total n-3 PUFAs (no further details reported) for
6-24 weeks. Neither meta-analysis included a
subgroup analysis, but the positive results of the
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Yang et al. study were based on studies that did
not appear to have much heterogeneity.

Although the evidence from the two meta-
analyses is conflicting, in view of the fact that the
more recent one included more studies, the overall
evidence appears to be in favour of a benefit of
fish oils on metabolic parameters in women with
PCOS. There is insufficient information to make
specific dosage recommendations.

Pregnancy

The placenta actively transports fatty acids,
maintaining optimal DHA levels in the foetus of
9-10%, and an optimal O3l of 8-11% has been
suggested for pregnant women.?%

Two cohort studies have found a positive
association between O3l and gestational
length.?19211 A Jow O3l in late pregnancy has
also been associated with an increased risk of
postnatal depression.?!?

Gestational diabetes mellitus (GDM)

Gestational diabetes mellitus is diagnosed
in about 5% of all pregnancies worldwide,
and is associated with maternal and foetal
complications, including macrosomia (birth
weight over 4000 g) and pre-eclampsia.?13.214

Three meta-analyses have evaluated the
benefits of n-3 PUFAs in gestational diabetes

or prediabetes, and all came to the conclusion
that n-3 PUFAs can significantly improve fasting
glucose, HOMA-IR and, where evaluated,
high-sensitivity CRP, triglycerides and TAC, but
not macrosomia, preterm delivery, neonatal
hyperbilirubinaemia, NO, pre-eclampsia,
gestational age, birth weight, total or LDL
cholesterol.213:21421%

One meta-analysis looked at co-supplementation
of n-3 PUFAs with vitamin E or vitamin D
only,?*® one looked at fish oils only,?** and one
included studies using fish oils and flaxseed
oils.?!®* Despite the wide range of types of
supplementation, there was little heterogeneity
amongst the positive results, suggesting that
both marine and plant n-3 PUFAs with and
without co-administration of vitamin E or vitamin
D can have a benefit. Most studies used EPA 180
mg and DHA 120 mg per day for 6-8 weeks.
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The clinical research suggests that in women with
GDM, EPA and DHA are beneficial for glycaemic
control and inflammatory status at a modest dose
of EPA 180 mg and DHA 120 mg per day.

Peri-/postnatal depression

The clinical research evidence for the use of

EPA and DHA in depression in general has been
reviewed above. It is thought that 10-20%

of pregnant women are affected by perinatal
MDD.?'¢ A meta-analysis of 12 case—control and
cohort studies showed that lower serum levels of
EPA, DHA and total n-3 PUFAs, and higher n-6
to n-3 ratio were associated with an increased
risk of perinatal depression.?’

There is a significant body of clinical research
in peri- or postnatal depression, with three
meta-analyses covering over 20 studies
published in the last 2 years. Whilst one
meta-analysis of 11 RCTs found no benefits
either overall or in subgroups,?!® the other

two showed some benefits, although their
subgroup analyses gave contradictory results.
One, including 18 RCTs, found significant
benefits in depressed but not non-depressed
women, and in post-partum women but not
during pregnancy, with the greatest effects

in studies looking specifically at postnatal
depression.?!® The third meta-analysis found
significant benefits in women with mild to
moderate but not severe depression, durations
of less than 8 weeks, and with EPA:DHA ratios
of > 1.5.229 Dosages in all the included studies
ranged from 200 to 3348 mg combined DHA
and EPA or DHA only.

There appears to be a benefit of fish oil
supplementation with regards to perinatal
depression, although there is conflicting
evidence with regards to the group most
likely to benefit and the best dosages.

Preterm birth

As mentioned above, higher O3I has been
associated with longer gestational period;
however, evidence from intervention trials has
been mixed.

A Cochrane review and meta-analysis in 2018
concluded that there was a reduced risk of
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preterm birth < 37 weeks (based on 26 RCTs)
and early preterm birth < 34 weeks (nine RCTs)
in women taking EPA and/or DHA compared with
controls, based on high-quality evidence.??! This
study also found that fish oils increased the risk
of prolonged gestation > 42 weeks from 1.6% to
2.6%, based on six RCTs of moderate quality. The
authors mention that, at the time of conducting
their review, 23 clinical trials, including over 5000
women, were still ongoing.

Since then, two more meta-analyses have

been published with conflicting results. A meta-
analysis of 26 RCTs in 2020 found no overall
decreased risk of preterm birth, but subgroup
analysis showed that trials using a dose of

> 1000 mg EPA plus DHA per day and a mix

of EPA and DHA but not DHA alone showed
benefits. The dosage range used in the included
studies was 200-3120 mg per day. A meta-
analysis of 37 RCTs published in 2021 found

an 11% reduction in preterm birth and a 27%
reduction in early preterm birth, although this lost
statistical significance after sensitivity analysis.??2
This meta-analysis included studies using high-
omega eggs and ALA-enriched margarine as
sources of n-3 PUFAs, and supplemental dosages
as low as 28 mg per day (combined EPA and
DHA), raising the possibility that this may have
affected statistical power. No subgroup analysis
was carried out.

Whilst there is conflicting evidence, EPA

and DHA appear to lengthen gestational
period, offering a benefit in reducing the risk

of preterm birth but possibly also increasing
the risk of prolonged gestation. EPA and DHA
combinations appear to be more beneficial than
DHA alone, and a combined dose of at least
1000 mg per day has shown benefits.

Post-traumatic stress disorder (PTSD)

Post-traumatic stress disorder is an anxiety
disorder caused by very stressful, frightening

or distressing events, and can have a

significant impact on the person’s quality of
life. It has been shown to be associated with
psychophysiological symptoms, including heart
rate and skin conductance, both at rest and in
response to stimuli.??3

A 12-week double-blind, placebo-controlled trial
found that a DHA-rich fish oil supplement (DHA
1470 mg, 147 EPA mg per day) significantly

20



reduced heart rate at rest and after a stimulus
in those on the fish oil supplement, compared
with the placebo group, in serious accident
survivors.??* Supplementation was started
within 10 days after the traumatic event, and
most participants did not develop serious
psychophysiological symptoms. The mean O3l
at baseline was 7.59% in the fish oil group and
7.38% in the placebo group, which increased by
3.08% in the former group.??

A small pilot study in patients with PTSD, however,
was terminated early due to negative effects.??4
Six patients with PTSD (trauma being 2-31 years
prior to start of study) were given a high-EPA fish
oil (2000 mg per day) for up to 3 months. Two
patients dropped out within the first month. Of the
remaining four patients, one remained unchanged
and the other three had a trend towards a
worsening of most symptoms and a significant
worsening of the avoidance subscale of the Impact
of Event Scale, raising concerns of a possible
negative impact of fish ail.

The contradictory results could be due to a
number of factors, including differing effects of
DHA and EPA, or different treatment goals and
therefore patient population (prevention versus
treatment of PTSD). It is also important to note
that the study reporting worsening was based on
only four patients.

Until further research is carried out on the
effects of fish oils on PTSD, no recommendation
can be made.

Prostate cancer

A study published in 2013 raised concerns

that fish oils may increase the risk of prostate
cancer.??® Data from 834 men with prostate
cancer were taken from a larger cohort study on
the effects of vitamin E and selenium on cancer
(Selenium and Vitamin E Cancer Prevention
Trial, SELECT) and plasma long chain n-3 PUFAs
compared with 1393 men without prostate
cancer. Those in the highest quartile of plasma
n-3 levels had a 43% increased risk of prostate
cancer compared with those in the lowest
quartile. This study has been criticised for a
number of methodological problems.?%¢

Since then, a number of meta-analyses have
concluded that overall there is no association
between prostate cancer and either dietary
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intake or biomarkers (i.e. blood levels) of n-3
PUFAs,227:228229 except for one that showed

a marginal positive association between

blood DHA (but not EPA or ALA) level and
prostate cancer (2% increased risk).?3° One

of the meta-analyses carried out a number

of subgroup analyses, and found no effect of
stage of prostate cancer, study design, exposure
measurement or intake level on the outcomes.??®

The data of these meta-analyses came
mostly from epidemiological studies, over 40
altogether. Only one also looked at intervention
trials, three RCTs and one uncontrolled trial.??’
All four intervention trials showed no effect of
supplementation on prostate-specific antigen
(a marker of prostate cancer), and two trials
showed a decrease in inflammatory and
other cancer markers. Dosages used in the
intervention trials ranged from 1600 mg to
2400 mg per day combined EPA and DHA,
with three of the trials lasting for 3 months or
less, and one lasting for 2 years.

Overall, the concerns raised by the results of the
SELECT trial regarding an increased risk of prostate
cancer with high blood levels of n-3 PUFAs have
not been confirmed by a number of subsequent
meta-analyses that included the SELECT trial data.
At present, the evidence suggests that EPA and
DHA have neither a positive nor a negative effect
on prostate cancer risk.

Sleep

In animal models, n-3 PUFAs have been
shown to improve sleep through a number of
potential mechanisms, but evidence in humans
is conflicting.?3!

A 2020 review and meta-analysis of 12 clinical
trials and eight longitudinal studies found
benefits of n-3 PUFASs on sleep architecture in
infants (based on two RCTs and three cohort
studies) and children with clinical sleep problems,
but not in adults (seven RCTs and three cohort
studies) or healthy children.?3! Dosages used in
the adult RCTs ranged from 220 to 2500 mg per
day combined EPA and DHA, with varying ratios,
including two studies that used DHA only, and
one study that used salmon.

A double-blind, placebo-controlled trial in
healthy adults published in 2021 found some
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interesting results, comparing a high-DHA
(DHA 900 mg, EPA 270 mg per day) versus

a high-EPA formula (EPA 900 mg, DHA 360
mg per day) versus placebo for 26 weeks.?3?
Participants on both the high-DHA and high-
EPA formulas had improved sleep efficiency
and latency, although the former only reached
statistical significance in the high-DHA

group. Whilst the high-EPA formula also led
to decreased total sleep time and total time

in bed, these increased in the DHA group
compared with placebo, with the difference
between the fish oil groups being statistically
significant. Most interestingly though, scores for
feeling rested, energetic and ready to perform
decreased with DHA and increased with EPA,
although only some of these differences were
statistically significant.?3?

A double-blind, placebo-controlled trial in
patients with MDD found significant effects of
n-3 PUFAs (1000 mg per day, no further details)
for 12 weeks on Insomnia Severity Index, with a
reduction from 20.3 to 3.5 compared with 17.6
to 10.4 with placebo.?*3

Overall, the evidence on fish oils and sleep is
conflicting, and DHA and EPA may have different
effects, with EPA-rich supplements potentially
being more beneficial.

SAFETY

A 2018 meta-analysis of 21 RCTs (24 460
participants) evaluated the safety and tolerability
of prescription fish oils preparations, and found
them to be generally well tolerated with no
evidence of serious adverse events.?** Non-
serious adverse events that were more common
in the fish oil group, compared with the control
group, were fishy taste and skin abnormalities
(eruption, itching, exanthema or eczema), as well
as abnormal laboratory values (elevated FBG,
alanine transaminase and blood urea nitrogen;
decreased haemoglobin and haematocrit).

EPA and DHA combinations (but not EPA-only
products) were also associated with belching,
nausea and elevated LDL cholesterol.?3

For prescription fish oil products (EPA EEs, which
are licensed for hypertriglyceridaemia), the
following side-effects are listed in the British
National Formulary (BNF):12°
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Common or very common (more than 1

in 100): burping; constipation; diarrhoea;
gastrointestinal discomfort; gastrointestinal
disorders; nausea; vomiting.

Uncommon (1 in 1000 to 1 in 100): dizziness;
gout; haemorrhage; headache; hyperglycaemia;
hypotension; skin reactions; taste altered.

Rare or very rare (less than 1 in 1000):
liver disorder.

As mentioned in the section ‘Cardiovascular
disease’ under the heading ‘Clinical uses’,

an increased risk of AF has been shown in
several meta-analyses. 108119120121 There js also
evidence for an increased risk in bleeding,!%®
possibly due to the inhibitory effect of fish oils on
platelet aggregation. However, a meta-analysis
focussing on bleeding found a reduced platelet
aggregation in healthy subjects (based on 32
studies) but no increased risk of perioperative
bleeding in patients undergoing surgery (based
on 20 studies), leading the authors to conclude
that fish oil supplements do not need to be
discontinued prior to surgery.?3®

Animal models as well as some human studies
have suggested that EPA and DHA may
suppress immunity, although an increase in
infections has not been seen in human studies.
However, this may be relevant for people with
compromised immune systems.?%¢

The Institute of Medicine in the USA has not

set an upper limit for EPA or DHA, but cautions
that levels of EPA 900 mg plus DHA 600 mg per
day or more for several weeks may suppress
immunity, and doses of 2000-15 000 mg per day
EPA and/or DHA may increase bleeding time.?
The European Food Safety Authority (EFSA)
considers long-term consumption of EPA and
DHA supplements at combined doses of up to
about 5000 mg/day to be safe.??’

POSSIBLE CONTAMINATION

It is known that fish can be contaminated with
dioxins, polychlorinated biphenyls (PCBs) and
methylmercury.?t SCAN therefore advises
pregnant and lactating women to limit their
intake of fish known to be particularly high in
mercury (marlin, swordfish, shark and tuna). With
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regards to not exceeding levels of dioxins and
PCBs, women of reproductive age and girls are
advised to consume 1-2 portions of oily fish per
week, and women past reproductive age, boys
and men 1-4 portions of oily fish per week.?!

Some fish oil supplements have also been
found to contain toxin levels above safe limits,
including dioxins, PCBs?3%239 and mercury.?#° It is
therefore important to choose a product from a
reputable company.

DRUG INTERACTIONS

Anti-coagulants

Due to the effect of EPA and DHA on platelet
aggregation, fish oils should only be used in
combination with blood-thinning drugs when
extra monitoring of coagulation status is in place.

Caution should also be exercised with any other
drug that may affect bleeding.

CHILDREN

EPA and DHA supplements have been used
safely in children. A meta-analysis of four RCTs,
including 153 children, on the use in depression
reported only one case of increased defecation,
but no other adverse events from the included
studies in which doses of up to 3400 mg per day
EPA and DHA were used.'’? A meta-analysis

of 13 RCTs including 372 children with ASD
reported that all adverse events were classified
as mild, and were equally distributed between
the fish oil and placebo groups with dosages of
up to 1500 mg per day.®®* Another meta-analysis
of RCTs in children with ASD also reported that
none of the studies found a significant difference
in side-effects between placebo and omega 3
groups, and none reported serious side-effects
with dosages of up to 1500 mg.%?

PREGNANCY/LACTATION

The Institute of Medicine considers intakes of 1400
mg per day n-3 PUFAs during pregnancy and 1300
mg per day during lactation as adequate.? As for
adults in general, the EFSA considers up to 5000
mg of EPA and DHA to be safe in pregnant and
breastfeeding women,?” and in intervention trials
dosages up to 2700 mg have been safely used
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during pregnancy and breastfeeding?® (see also
under the section ‘Pregnancy’).

CONCLUSION

Although there have been some conflicting
data, overall, EPA and DHA supplements

have been shown to be of benefit in a wide
range of disorders. Dosages and EPA:DHA
ratios have varied widely in clinical trials,
making it impossible to give robust dosage
recommendations for most clinical uses. Not

all trials have evaluated O3l at baseline, which
may account for some of the discrepancies
seen. Establishing O3l in clinical practice at
baseline and for monitoring therapy is therefore
advisable, as there is significant inter-individual
variation in PUFA metabolism.

Whilst epidemiological studies have shown
benefits of dietary fish intake, official
recommendations of fish intake, which balance
the potential benefits with the potential

harm from pollutants, may be insufficient for
many to achieve optimal O3I, making fish oil
supplementation a valuable tool for prevention
and clinical practice. Populations at risk of low
03I, such as strict vegans and vegetarians, may
want to consider vegan DHA supplements.

Whilst fish oils are generally well tolerated, an
increased risk of AF and bleeding has been
observed in some meta-analyses, which should
be borne in mind in at-risk populations.
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