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Abstract Long-chain omega-3 (n-3) polyunsaturated fatty acids (PUFAs), such as the eicosapen-
taenoic and docosahexaenoic acids, have been linked to human health in all stages of
life, from fetal development to aging. These PUFAs act as precursors for various
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described in the present narrative review. We concluded that the diffusion of these
supplements may improve the prognosis of these patients in a simple, effective way,
and with high safety rates.

Resumo Os acidos graxos poli-insaturados (AGPIs) 6mega-3 (n-3) de cadeia longa, como os
acidos eicosapentaenoico e docosa-hexaenoico, tém sido associados a saide humana
em todas as etapas da vida, do desenvolvimento fetal ao envelhecimento. Esses AGPIs
atuam como precursores de varios metabolitos envolvidos na prevencdo de algumas
doencas. Os efeitos reconheciveis desses suplementos antes da gravidez (maturacao
dos odcitos), durante a gravidez (melhora do risco de parto prematuro, entre outros) e
nos descendentes (em termos de funcdo cognitiva e abordagem dos disttrbios do
neurodesenvolvimento) sdo apresentados nesta revisdo narrativa. Concluiu-se que a
difusdo desses suplementos pode melhorar o prognéstico desses pacientes de maneira

simples, eficaz, e com altas taxas de seguranca.
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various metabolites involved in the prevention of several
diseases.!

Introduction

Long-chain omega-3 (n-3) polyunsaturated fatty acids
(PUFAs), such as the eicosapentaenoic (EPA) and docosa-
hexaenoic acids (DHA) have been linked to human health in
all stages of life, from fetal development to physiological
aging.! The DHA is a relevant component of all biological
membranes, and both of these PUFAs are precursors for
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However, in many cases, the contribution of a diet rich in
fish is not enough to ensure an adequate intake of these
PUFAs.! Human tissues express enzymes that can metabolize
the alpha-linolenic acid (ALA) for the synthesis of DHA and
EPA, butin a reduced proportion.2 As a consequence, in many
occasions supplementation may be necessary.
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The objective of the present review is to describe the
potential benefits of DHA and EPA supplementation in the
context of reproductive medicine.

Before Conception

Oocyte quality is identified as one of the most relevant
factors in relation to female fertility, not only for the fertili-
zation process, but also to ensure embryonic implantation
and development.> Among the factors related to oocyte
quality, maternal diet is highlighted, since obesity and dia-
betes can alter mitochondrial function and chromosome
alignment at the gamete level.* Accordingly, the concentra-
tion of fatty acids in the ovarian follicular microenvironment
is associated with oocyte quality and embryonic develop-
ment during in vitro fertilization procedures.*

The follicular levels of n-3 PUFAs are correlated with plasma
lipids, which are modified according to diet and body weight.*
It is hypothesized that n-3 PUFAs can regulate oocyte matura-
tion by mechanisms mediated by functional changes in gran-
ulosa cells linked to peroxisome-proliferator-activated
receptors (PPARs) and modifications in the biosynthesis of
follicular prostaglandins.* According to experimental data,
PUFAs are potent PPAR ligands and also increase the expression
of the steroidogenic acute regulatory protein (STAR). Thus, a
correlation between the circulating levels of PUFAs and the
concentration of sex hormones is verified in humans.” On the
other hand, sex steroids can modulate the synthesis of PUFAs
by modifying the expression of desaturases (~Figure 1).°

These data from preclinical and experimental models were
corroborated by clinical studies. In a prospective trial’ involv-
ing 100 women under assisted reproduction treatment (total:
136 cycles), the levels of circulating n-3 PUFAs were associated
with a higher probability of clinical pregnancy and a higher
number of live births, and PUFA supplementation was also
related with a higher probability of births.”
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On the other hand, PUFAs have been linked to an optimi-
zation of spermatogenesis. In animal models, it was shown
that PUFA supplementation stimulates the development of
seminiferous tubules and increases the density of Sertoli
cells.® An improvement in the quality and quantity of sperm
cells was also reported.’

In humans, a high concentration of DHA in the sperma-
tozoon head is recognized; the dietary content of fatty
acids appears to modify the profile of these molecules in
male gametes.'? However, the effects of n-3 PUFA supple-
mentation are described after no less than 4 weeks of
administration; in addition, these effects seem dose-
dependent.'®

Use during Pregnancy

It has been shown that the conversion rate of ALA into EPA
and DHA in men reaches 8% and less than 1% respectively,
while in women the corresponding rates are 21% and 9%
respectively.® This difference is attributed to the higher
requirements of n-3 PUFAs during pregnancy and breast-
feeding.® According to the joint recommendations of the
World Association of Perinatal Medicine, the Early Nutrition
Academy and the Child Health Foundation, maternal DHA
consumption during pregnancy should not be lower than
200 mg/day. Nutritional supplements are one of the sug-
gested sources to achieve this goal.''

Even though a diet rich in fish is also a source of DHA/EPA,
the potential content of contaminants, such as mercury, is a
matter of concern.'? Thus, supplements with adequate proc-
essing quality to avoid impurities and contaminants may
play a prominent role.'”” The administration of between
200mg and 300mg/day of DHA to this population has
been endorsed by the National Institutes of Health and the
International Society for the Study of Fatty Acids and Lipids,
among other specialized societies.'?

Biomembra ne
organ - —

Other s gnal ing
actions {including
visual-related

sigralling)

1-—"— Free DHA

Resolvins, protectins
and maresins

|

Less inflammation
Imgproved immune function
Better waund healing

Raft § ki
far m.‘-mon / e
: ! |
v

Frew DHA

Membrane
proteins
{as

hodopsin)

Orther signalling
actions including
visual signalling

PPARs

J

Less inflammation, improved insulin
sensitivity, optimized glucose metabolism,
improved fatty acid metabolism and plasma
ipid profile

Fig. 1 Molecular mechanisms and signaling of n-3 P. Source: Adapted and modified from Calder.®
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The maximum growth of the human brain occurs from the
beginning of the third trimester of intrauterine life until
18 months after birth;® during this period, the concentration
of DHA increases significantly from 900 pg/g to 3,000 pg/g.®
Therefore, the need for an adequate n-3 PUFA contribution
during this period is highlighted, in order to ensure a normal
growth and visual and neurological developments.® Although
there is a correlation between DHA levels in maternal and fetal
blood, this PUFA is concentrated in the circulation and fetal
tissues due to a process known as biomagnification, which
seems mediated by the placenta.®

Another benefit associated with the PUFA n-3 supplement
is the prevention of preterm births (PBs). This is highly
important, considering that PB accounts for more than 85%
of all perinatal mortality and complications,'? in addition to
accounting for a greater requirement of intensive care unit
resources and a higher risk of early comorbidities, with
potential consequences throughout life."> Nevertheless,
there are no primary prevention strategies frequently used
in the daily practice. In a systematic review with meta-
analysis' in which the risk of PB and extreme PB (less
than 34 weeks of gestation) was evaluated among 5,980
women, the authors verified that the n-3 PUFA supplemen-
tation during pregnancy significantly reduced the risk of
both criteria. Likewise, they confirmed that these supple-
ments were linked to an increase in birth weight of around
122 g when the participants were compared with those who
were not submitted to the supplementation.'

Taking into account its ease of administration and the
achieved results, n-3 PUFA supplementation could play a role
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as a preventive strategy for PB at a population level, indepen-
dently of the previous risk and of the dose administered.'*

Moreover, it has been reported that n-3 PUFAs have benefi-
cial effects in women with gestational diabetes, which also
extend to the fetus.” In cases of gestational diabetes and
preeclampsia, transplacental transmission of n-3 PUFAs is
reduced, as demonstrated by lower levels of DHA detected in
umbilical cord blood, compared to pregnancies without these
alterations.'® The importance of early DHA supplementation
in women with gestational diabetes is evident, since its late
administration would not improve fetal circulation levels, due
to the already established alterations in the placental transfer
(~Figure 2)."7

Therefore, the appropriate approach to gestational diabe-
tes, in association with fatty-acid supplementation, may
improve the metabolic and immune functions, and decrease
the risk of PB and the likelihood of developing preeclampsia
and neonatal and long-term infant complications.'”

Administration during Breastfeeding:
Cognitive Effects

Given the importance of DHA for the development of the
neonate and infant brain, the importance of this PUFA during
breastfeeding is highlighted. The suggested doses are similar
to those proposed during pregnancy.'’"'? The levels of DHA
in breast milk may be increased by supplementation,® and
they seem to correlate with cognitive function and language
development in infants, as well as with general psychosocial
health.'® The daily intake of DHA by breastfed infants is
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Fig. 2 Mechanisms of transplacental omega-3 (n-3) polyunsaturated fatty acid (PUFA) transport. Source: adapted and modified from Jones
etal.’” Abbreviations: EL, epithelial lipase; FABP, fatty-acid-binding protein; FABPpm, plasma membrane FABP; FAT/CD36, fatty acid translocase;
FATPs, fatty acid transport proteins; LPL, lipoprotein lipase; p-FABPpm, placental plasma membrane FABP; PPAR, peroxisome-proliferator-

activated receptor; RXR, retinoic-acid-X receptor; TGs, triglycerides.
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estimated between 13 mg to 26 mg/day, which is lower than
the intrauterine supply (45-50 mg/kg/day).

The clinical evidence available supports that n-3 PUFA
supplementation may optimize the neuronal development of
term infants.'® PBs have been linked with deficiencies in the
integrity of the connectivity of the myelin and cortical
circuitry, among other complications.'® These neurodeve-
lopmental alterations increase the risk of autism spectrum
disorders (ASDs) and attention deficit and hyperactivity
disorder (ADHD).'® Low DHA levels may at least partially
explain these outcomes:'® in a randomized, placebo-con-
trolled study involving 141 infants with birth weight lower
than 1,500 g, the addition of 32 mg of DHA and 31 mg of
arachidonic acid per 100 ml of human milk from the first
week of life, for an average of 9 weeks, was associated with an
improvement in recognition memory and ability to solve
problems at 6 months.' It is hypothesized that conventional
DHA ingestion may be insufficient in PB children, since these
patients are more sensitive to the effects of maternal PUFA
intake on milk content.'®

In patients with ASDs, the administration of n-3 PUFAs
may be of special importance, due to their role in brain
structure and functionality, neurotransmission and bio-
membranes, among others.? Even though limited benefits
of n-3 PUFAs are reported for this population in randomized
controlled trials, the absence of statistical significance is
attributed to the small number of treated patients and the
lack of clinical studies.?? However, PUFA supplementation
may be suggested as a complement for other therapeutic
approaches.20

On the other hand, the association between manifesta-
tions of ADHD and low circulating levels of n-3 PUFAs has
been consistently reported in different observational studies
summarized in a systematic review.’? Alterations in the
serum profile of n-3 PUFAs are recognized in children and
adults with ADHD, although it has not yet been defined
whether these changes are a consequence of an inadequate
intake or abnormalities in the metabolism of these fatty
acids. In a meta-analysis,?° a favorable and significant effect
of these supplements has been identified; as a consequence,
their co-administration with the available pharmacological
strategies may be suggested.

Safety

The supplementation with N-3 PUFAs is considered a highly
safe intervention, even regarding the maximum daily doses
of 3gto 4.5 g, according to regulatory agencies.?’ Between 1%
and 10% of the treated patients may report mild adverse
events (dyspepsia, nausea, diarrhea, tendency to develop
bleeding), while digestive adverse reactions only involve
0.1% to 1% of the treated patients. The gastrointestinal effects
are usually improved with the administration with meals or
with a gradual increase in dose.?! Even though isolated cases
of increased transaminase levels have been reported, n-3
PUFAs appear to be associated with hepatoprotective effects,
and their indication for the treatment of non-alcoholic liver
steatosis has even been suggested.?'
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Conclusion

The supplementation with n-3 PUFAs before, during and
after pregnancy is linked to numerous maternal, fetal and
childhood benefits regarding the reproductive capacity of
women and the cognitive functionality of their offspring. The
diffusion of the use of these supplements could improve the
prognosis of these patients in a simple, effective way, and
with high safety rates.
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