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ABSTRACT 
 

Aims and Study Design: A literature review of the roles of omega-3 fatty acids (FA) and 
particularly EPA and DHA, in eye health, and, as disease-preventive and curative agents for various 
ocular ailments was undertaken.  
Place and Duration of Study: It was done between December 2021 and May 2024. 
at the Department of Food Science and Nutrition, Karatina University, Kenya.  
Results: Omega-3 FA are needed for brain and vision development in infants and children, 
protecting the eye from degenerative damage and conferring anti-inflammatory benefits. They seem to 
prevent and slow macular degeneration, dry eye disease, and lower the risk of early age-related 
macular degeneration, glaucoma and retinopathy, thus lowering the risk of early vision loss. Fatty 
fish from the wild, krill, seaweed and sea algae are rich sources of the ω-3 FA, EPA and DHA, while 
walnuts, flaxseeds and flaxseed oil, chia seeds, canola and soybean oils, tofu and meat from grass-
fed ruminants, are good sources of the nutrients, but as ALA. Commercially-prepared fried fish from 
restaurants and fast-food establishments, are relatively lower in the omega-3s, but high in trans-fatty 
acids due to high temperature thermal processing. Boiling in water, broiling or grilling for short 
periods are recommended for preparing fish for consumption and omega-3 FA retention. Dietary 
omega-3 FA are more efficacious than omega-3 FA from supplements, probably due to their 
synergistic interaction with lutein, beta-carotene, Vitamins A, C and E and Zinc.  
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Conclusion: It seems prudent to incorporate Vitamin A, C, E and Zinc during omega-3 FA 
supplement manufacture to boost their efficacy. Although health authorities recommend 1-2 meals 
of fatty fish edible portion/week and a daily intake of 0.5-1 g/day or more of the ω-3 FA for 
cardiovascular health, no definitive amounts are recommended for eye health and curing the various 
ocular diseases at this point in time. It is, however, increasingly being recommended that amounts 
of more than 1 g/day and up to 2 g/day are safe and more beneficial based on age, gender and 
health condition. The omega-3 index is a useful tool for maintaining the blood status of the omega-3 FA. 
Although ω-3 FA play important roles in eye health and the prevention of ocular dystrophies, the 
cardioprotective role of omega-6 FA, especially LA, against coronary heart disease cannot be discounted, 
such that drastic dietary or reduction of ω-6 FA when taken as supplements may be ill-advised at 
present, while balancing their ratio with that of the omega-3 FA seems to be appropriate health-
wise.  
 

 

Keywords: Omega-3 fatty acids; eye health; eye disease. 
 

1. INTRODUCTION  
 
Food lipids are important for human health and 
disease prevention. The major types of food 
lipids include fatty acids (FA), which are divided 
principally into saturated fatty acids (SAFA), 
monounsaturated fatty acids (MUFA) and 
polyunsaturated fatty acids (PUFA). Linoleic 
acid, linolenic acid, arachidonic acid (AA), 
eicosapentaenoic acid (EPA), decosapentaenoic 
acid (DPA) and docosahexaenoic acid (DHA) 
are long chain PUFA, with the latter 3 being 
referred to as omega-3 (ω-3) FA. While our 
interest in this literature review are the ω-3 FA, 
the ω-6 FA are an integral part of a healthy diet, 
and the ratio of the omega-3 to ω-6 FA, is 
important for human health and disease 
prevention [1]. Gamma linoleic acid (GLA), 
linoleic acid (LA), and conjugated linoleic acid 
(CLA) are the ω-6 FA of interest in human 
health. This review of the literature provides an 
overview of the significance of the ω-3 FA, and 
particularly EPA and DHA, as potential disease-
preventive and curative agents for various eye 
ailments. 
 
The most written about ω-3 FA are EPA, DPA 
and DHA, but alpha linolenic acid (ALA) is the 
one other ω-3 FA that one is most likely to obtain 
through diet; Fish oils, vegetable oils, nuts 
(especially walnuts), flax seeds and leafy 
vegetables are good sources of omega-3 FA, 
with the type in plant foods being mainly ALA [2-
4]; sunflower, peanut, maize and palm oils are 
good sources of the ω-6 FA, but also contain 
some ALA. Algae also contain significant 
amounts of omega-3 FA as ALA [5]. “Seafood, 
and especially fatty fish and various forms of ω-3 
supplements, contain fairly high amounts of EPA 
and DHA. However, the amount of the ω-3 FA in 
seafood and in supplements varies” [6]. “Breast 
milk contains significant amounts of DHA and is 

therefore a crucial source of the nutrient for 

babies” [7]. “The brain and the eye have high 

DHA content compared to other human organs, 
with the highest concentration being in the grey 
matter of the brain and in the outer rod segments 
of the retina” [6,8]. “In the brain, it seems to be 
involved in neuronal signaling [9], while in the 
eye it affects the quality of vision [10]. It is 
accumulated in the brain and eye late in 
pregnancy and in early infancy” [11]. “A lower 
DHA content has been linked to poorer cognitive 
development and visual function” [12]. It seems 
to affect cell and tissue physiology and function 
through various mechanisms, including 
alterations in membrane structure and function 
[13], in membrane protein function and in cellular 
signaling [9], and, in lipid mediator production 
[6].  
 
Decosapentaenoic acid is a requirement of 
healthy nutrition, as infants obtain                         
almost as much DPA as well as DHA from 
human milk [6]. For the general population, the 
primary DPA sources are fish oil supplements, 
oily fish and meat from grass-fed ruminants 
[14,6]. Although the DPA levels in fish oils are 
substantially lower than those of EPA                    
and DHA, concentrated DPA products are now 
becoming commercially available and DPA-
based drugs are under development [15]. 
Current nutritional advice recommends the 
supplementation of diets with these products 
where the natural intake is curtailed or 
inadequate for one reason or another. 
Epidemiological studies have shown that similar 
to EPA and DHA, DPA is linked to various 
improvements in human health, with studies in 
mammals, platelets, and cell cultures showing 
that DPA reduces platelet aggregation [16], 
improves lipid metabolism and endothelial cell 
migration [17], and resolution of chronic 
inflammation [18]. The ω-3 FA are essential 
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FA.as the body cannot make them and so must 
be provided in the diet.  
 
The fish get their ω-3 FA by eating 
phytoplankton, which absorb microalgae. 
Microalgae are the original sources of the ω-3 
rich FA that are found in wild, fatty fish, oysters 
and mussels. Due to the importance and 
benefits of marine ω-3 FA, it is important to eat 
fish or other seafood 1-2 or more times/week, 
particularly fatty (dark meat) fish that are richer 
in EPA and DHA [19]. This is especially 
important for women who are pregnant as a 
developing child needs a steady supply of DHA 
to form the brain and other parts of the nervous 
system, beginning in the third trimester until the 
second year of life [20].  
    

2. FOODS HIGH IN Ω-3 FA 
  
As both ω-3 and 6 FA play important roles in 
human health, it is important to keep the two 
balanced. Experts and authorities recommend 
the ratio of omega-6 to omega-3 FA in a healthy 
diet should be 4:1 [21-24], though recent 
evidence shows a lower ratio is healthier and 
more protective to disease [25]. This advice 
seems more beneficial as long as it involves the 
increase of the dietary intake of the omega-3 FA, 
especially from fish, rather than lowering the 
intake of the omega-6 FA [26].  
 
Unfortunately, the typical modern diet for most 
societies often contains more omega-6 than ω-3 
FA. This may generally be true where the 
consumption of fish and other foods of 
considerable content of the omega-3 FA is low 
and the dietary intake of vegetable oils, with high 
amounts of ω-6 FA is considerable and frequent. 
The oils that are high in the ω-6 FA and which 
are commonly used for frying, baking, etc. 
include sunflower, maize and palm oils, whose 
common utilization may cause an imbalance 
towards a large ratio of the two fatty acids. It has 
been shown that ratios of 20:1 (omega-6: 
omega-3) are common in American diets [27], 
with the likelihood that the ratio could be similar 
or lower in other parts of the world. The resulting 
imbalance of ω-6 to ω-3 FA has been suggested 
to contribute to a higher risk of developing 
various health problems, such as heart disease 
[22,25], Rett syndrome [28], cancer [29], asthma 
[30], arthritis [31] and depression [32]. But, 
specifically in atherosclerotic plaque 
inflammation and stabilization [33], a trigger of 
high-risk cardiovascular disease (CVD) events 
[34], and in brain development and function 
[54,20]. “Though regarded generally as 

beneficial in cardiovascular disease (CVD) 
amelioration, there is controversial evidence with 
regard to the effects of omega-6 PUFA on CVD 
risk. Despite the beneficial impact of omega-6 
PUFA supplementation on CVD outcomes 
supported by some studies, others still report 
conflicting results. One plausible mechanism that 
may explain the relationship between omega-6 
PUFAs and CVD is the increased production of 
2-series prostaglandins and 4-series 
leukotrienes due to the high content of omega-6 
PUFA in the diet, exerting pro-inflammatory 
effects and thus potentiating CVD risk” [35-37]. 
“Highly unsaturated FA such as AA appear to be 
linked to an increase in low-density lipoprotein 
cholesterol (LDL-C) and very-low density 
lipoprotein (VLDL) susceptibility to oxidation, 
thus enhancing their atherogenic effect”. [36] 
But, some studies found no association between 
omega-6 PUFA intake and CVD risk. In the 
Sydney Diet Heart Study, a randomized control 
trial (RCT) of 458 participants aged 30–59 years 
with a recent coronary event, the                        
replacement of SAFA with LA significantly 
increased all-cause mortality [38]. “Similarly,               
a meta-analysis of 32 observational                              
studies and 27 RCTs reported no correlation 
between omega-6 PUFA supplementation and 
CHD” [39]. 
 
To improve the dietary intake of the ω-3 FA, it is 
necessary to eat more foods that are rich in ω-
3s, such as fatty fish, flaxseeds, flaxseed oil, 
walnuts, chia seeds, soybeans, tofu, soybean 
and canola oils [40]. It seems that, while there 
are several rich vegetarian sources of- ω-3 FA, 
the body may not process the ALA in them as 
easily as the EPA and DHA found in fish [41] as 
the conversion process is inefficient. While beef 
is generally low in the omega-FA, meats from 
grass-fed animals contain higher content of the 
omega-3 FA, but mainly as ALA. Commercially-
prepared and fried fish such as that from 
restaurants and fast food establishments, should 
not be relied upon as the main source of the FA, 
as they tend to be relatively lower in ω-3 FA and 
high in trans-fatty acids due to the high 
temperature of frying, which destroys the FA and 
alters their profiles [26,42]. Despite the common 
use of high-ALA vegetable oils including 
sunflower, maize and palm oil for frying, and the 
resulting changes in the FA ratio, the 
convenience and the affordability of these fried 
foods is enticing for many low-income earners, 
and those who may not have the time to cook a 
decent meal. Nevertheless, they are still better 
than no fish at all, especially where other good 
sources of the ω-3 FA are inadequate in diets or 
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the knowledge of the benefits of their regular 
consumption is lacking. The average diet 
provides adequate ω-6 FA, such that their 
supplements may not, generally, be necessary. 
Though rare, a deficiency of the omega-3 FA is 
manifest as rough, scaly, and red, itchy rash of the 
skin.  
  

3. LIPIDS OF THE HUMAN EYE  
 
The major phospholipid of the human                        
lens is dihydrosphingomyelin, but 
phosphatidylethanolamine (PE) and 
phosphatidylcholine (PC) are dominant in both 
the vertebrate retina and in retinal rod outer 
segment membranes of the human eye [43]. 
“Unusually high levels of cholesterol are a 
peculiarity in eye lens membranes. The lens 
membrane contains more cholesterol than any 
other organ in the human body, as it has a 
cholesterol-phospholipid ratio of 8:1 in the center 
of the eye lens” [44]. “The relative amount of 
cholesterol is lowest in the outer cortical region 
of the lens where the molar cholesterol-
phospholipid ratio is ~ 1:2” [45]. “The cholesterol 
in the lens is relatively stable and impervious to 
oxidation compared with unsaturated lipids, 
possibly adding stability to the membrane. The 
abundance of cholesterol in the human lens 
leads to the presence of patches of pure 
cholesterol in the human eye. Changes in 
human lens lipid composition occur with age and 
disease. The composition also reveals the 
presence of relatively small amounts of other 
glycerolipids and importantly, they have an ether 
linkage in the sn-1 chain” [46]. “About 20% of the 
phospholipids found in humans possess 1-O-
alkyl or 1-O-alkenyl ether linkages, and 
inactivation of their synthesis results in 
numerous pathologies” [47,48]. “The 1-O-alkenyl 
ether-linked phospholipids are often referred to 
as plasmalogens. Plasmalogens serve multiple 
functions, including their role as potent 
antioxidants” [49]. “Lipid oxidation is deleterious 
to the lens, but the lens membranes have a high 
sphingolipid content that confers resistance to 
oxidation, allowing these membranes to stay 
clear for a relatively longer time than is the case 
in many other species” [50]. “Lens lipid 
composition changes dramatically with cataract. 
Compared with normal lenses of similar age, the 
total amount of glycerophospholipids is much 
less in cataractous lenses, though the total 
amount of sphingolipids also decreases in 
cataractous lenses but to a much lesser extent, 
probably due to the preferential oxidation of 
glycerophospholipids. Lens sphingolipids are 3-4 
times more saturated than glycerolipids, and 

consequently resist oxidation more effectively 
than unsaturated lipids” [51,52].  
 
Recent studies [46] have clarified previous 
observations [51] showing that about 35% of the 
phospholipids in the human lens are 
predominantly ether-linked (O-alkyl but not O-
alkenyl) phosphatidylethanolamines and 
phosphatidylserines. Phosphatidylethanolamine 
(18:1e/18:1) is the most abundant                  
ether-linked phospholipid in the human                      
lens [52]. In the human lens, over two-thirds                  
of the phosphatidylethanolamine and 
phosphatidylserine [52], if not all [46], are ether-
linked. Phosphatidylethanolamine 1-O-alkyl 
ether lipid decreases with age and cataract [52]. 
The function of ether-linked lipids in the lens is 
speculative, but they may be important for lens 
transparency, because in a mouse model, when 
synthesis of these lipids was inhibited, cataracts 
developed [53,54]. “It has been suggested that 
ether-linked lipids are involved in the formation 
of distinct membrane domains that are required 
for the regulation of growth, and hence, lens 
transparency” [48]. It appears that phospholipids 
with either ester- or vinyl-linked chains are 
preferentially degraded, leaving the more stable 
ether-linked species in the membrane. 
Phospholipid oxidation and subsequent 
degradation could account for the dramatic 
changes observed in human lens lipid 
composition with age and cataract. Major 
changes in lens lipid composition could also 
cause cataract, influencing membrane 
permeability properties, the function of 
membrane proteins and the major lens 
membrane proteins, the aquaporin. Data 
suggest that humans have adapted so that their 
lens membranes have a high sphingolipid 
content to confer resistance to oxidation, 
allowing these membranes to stay clear for a 
relatively longer time than is the case in many 
other species [49]. An increase in sphingolipid 
content occurs with increasing age [55] and 
cataract [51]. In terms of fatty acids, DHA, is the 
most prevalent fatty acid in photoreceptor outer 
segment membranes of the eye and it may be 
important for renewal of the outer segment of 
photoreceptors and for the synthesis of new 
membranes [56].  
 

4. COMMON AILMENTS OF THE HUMAN 
EYE 

 
Common diseases of the human eye include: a) 
Dry Eye Syndrome: “This is a condition that 
affects tear film, the three layers of tears that 
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cover and protect the surface of the eyes”. [57] A 

smooth and stable tear film is required for clear 
and comfortable vision, as disruptions to the tear 
film can cause uncomfortable burning, itching, 
watering or blurred vision. Many factors can 
prevent the tear film from working properly as it 
should, thus leading to dry eye disease (DED). 
These include: inflammation, malfunctioning of 
the meibomian layer of the eye, and tear 
instability, due to several causes as discussed 
further. There are several types of DED 
including: (i) Aqueous deficient dry eye: “This 
is a condition where eyes do not produce 
enough tears, which originate from a healthy 
lacrimal gland (found in the upper, outer corner 
of each eye). The tears make up the middle, 
watery layer of the tear film. Inflammation in the 
lacrimal gland can prevent it from producing 
enough aqueous tears” [58]. (ii) Evaporative 
dry eye: This condition occurs when tears 
evaporate too fast from the eye. The most 
common cause of the condition is meibomian 
gland malfunction [59], a condition in which the 
glands in the eyelids that produce the outer, oily 
layer of the tear film malfunction, leading to 
instability in the oily layer, which can no longer 
protect the watery layer, resulting in fast drying 
up of tears. (iii) Mixed dry eye: this results from 
aqueous tear deficiency and tear instability [60] 
in some individuals. The result is the inability to 
produce enough tears, combined with an 
unstable tear film. Both problems produce dry 
eye symptoms, which include burning or stinging 
sensation in the eye, light sensitivity, blurred or 
changed vision, mucus coming out of the eye, 
and watery eyes, with excess tears running 
down the cheeks. Many of these symptoms are 
apparent in the elderly. b) Age-related Macular 
Degeneration (ARMD):  This is the most 
common cause of severe loss of eyesight among 
people who are 50 years and older. As only the 
center of vision is affected by the disease, 
people rarely go blind from it. ARMD affects 
central vision, and with it, the ability to see fine 
details. In advanced stages, people lose their 
ability to drive, to see faces, and to read smaller 
print. In its early stages, ARMD is often without 
signs or symptoms, such that people may not 
suspect they are suffering from it. The two 
primary types of ARMD have different causes. (i) 
Dry ARMD: This type is the most common, with 
about 80% of those with ARMD having the 
condition. Its exact cause is unknown, though 
both genetic and environmental factors are 
thought to play a role [61]. It happens when the 
light-sensitive cells in the macula slowly break  
down, generally one eye at a time. The loss of 

vision through this condition is normally slow and 
gradual. It is believed that the age-related 
damage of an important support                         
membrane under the retina contributes to dry 
ARMD [61]. 
 
(i) Wet ARMD: Despite this type being less 

common, it usually leads to more severe 
vision loss in patients, than dry ARMD 
[62]. It is the most common cause of 
severe loss of vision. Wet ARMD happens 
when abnormal blood vessels start to grow 
beneath the retina, and they leak fluid and 
blood, hence the name wet ARMD [62]. 
The condition can also create a large         
blind spot in the centre of the visual field 
[62]. 

 
There are several risk factors that can contribute 
to developing ARMD, including, being 50 years 
and older, eating a diet that is high in saturated 
fat, smoking, and high blood pressure or 
hypertension [61]. The most common symptoms 
of ARMD include: blurry or fuzzy vision, difficulty 
in recognizing familiar faces, the appearance of 
straight lines as wavy, a dark, empty area or 
blind spot in the center of vision, loss of central 
vision, which is necessary for driving and 
reading, and, difficulty in performing close-up 
work [61,62]. These symptoms may differ with 
individuals as not all who suffer from ARMD 
show similar symptoms. The presence of 
drusen, which are tiny yellow deposits in the 
retina, is one of the most common early signs of 
ARMD [63], with its presence pointing to                          
the eminent risk of developing more severe 
ARMD.  
 
c) Glaucoma: Is a group of eye conditions that 
damage the optic nerve. The optic nerve sends 
visual information from the eye to the brain and 
is therefore vital for good vision. Damage to the 
optic nerve is often related to high pressure in 
the eye, although glaucoma can develop even 
with normal eye pressure [64]. Glaucoma can 
occur at any age, but is more common in older 
adults, and is one of the leading causes of 
blindness in people over the age of 60 [64]. 
Many forms of glaucoma have no warning signs 
as the effects are so gradual that one may not 
realize change in vision until the condition is in 
its late stages. Regular eye exams that include 
measurements of eye pressure, can catch 
glaucoma early. The symptoms of glaucoma 
depend on the type and stage of the disease. 
The familiar types and their symptoms are given 
below.  
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(i) Open-angle glaucoma: This type of the 
disease does not exhibit any specific 
symptoms in its early stage; though 
patchy, blind spots develop gradually                      
in one’s side vision (peripheral vision) [65]. 
In the late stages, central vision may be 
lost.  

(ii) Acute angle-closure glaucoma: this 
exhibits as severe headache, severe eye 
pain, nausea or vomiting, blurred vision, 
halos or coloured rings around lights, and 
eye redness [66]. 

(iii) Normal-tension glaucoma: the condition 
does not have any symptoms in the early 
stages, but blurred vision gradually 
develops, which eventually leads to loss of 
side vision [66].  

(iv) Glaucoma in children: This is seen as 
dull or cloudy eye, increased                          
blinking, and producing tears without an 
infant crying. Other symptoms                      
include blurred vision, headaches and 
nearsightedness that gets worse with time 
[67].  

 

(d) Retinopathy (disease of the retina): There 
are several types of retinopathy, but all types of 
the condition are diseases of the small retinal 
blood vessels [68], which as a result, may 
damage the retina, impairing vision. ARMD is 
technically included under the umbrella term 
retinopathy, although it is often discussed as a 
separate disease [69). Diabetic retinopathy, a 
prevalent ocular disorder that results in 
blindness, has been linked to dysregulation of 
phosphoinositide 3-kinase (PI3K) [70], especially 
in older patients commonly due to 
neurodegeneration. Retinopathy can be broadly 
categorized into proliferative and non-
proliferative types. More often, retinopathy is 
an ocular manifestation of systemic disease as 
observed in diabetes or hypertension [71]. 
Diabetes is the most common cause of 
retinopathy globally, making the ailment the 
leading cause of blindness in aging people 
[72], as it accounts for approximately 5% of 
blindness worldwide and is therefore                   
designated a priority eye disease by the WHO 
[73]. 
 

5. OMEGA-3 FA IN EYE HEALTH 
 

Studies in pre-term and full-term infants suggest that 
getting enough ω-3 FA in the diet of the                      
mother is essential for optimal visual                  
development (eye and optic nerve development). 
Studies have shown that animals that do not                          
get enough DHA in their diets, suffer visual 
impairment and degradation of the retina [74-76], 

though one 2-year controlled study recently showed 
this may be beneficial only in the early stages of loss 
of retinal integrity and disease onset [77]. Human 
studies have also shown that low levels of DHA and 
EPA are found in diabetic retinopathy,                          
ARMD, DED and retinopathy of prematurity [76,78], 
thus pointing to the important role that                    
adequate levels of the two omega-3 FA play in 
retinal health and potential prevention of ocular 
dystrophies.    
 
Chronic inflammation may play a role in the 
development of many common, degenerative and 
potentially devastating eye conditions like macular 
degeneration and diabetic retinopathy, but the ω-3 
FA seem to play a key role in the body’s ability to 
regulate and balance inflammation [79]. EPA and 
DHA seem to play an important role in regulating the 
signaling molecules and hormone receptors that are 
implicated in inflammation, abnormal retinal 
neovascularization, vascular permeability, leading to 
edema [80,81], all being indicators of retinal disease. 
People who had a regular intake of ω-3 FA in their 
diets were shown to halve their risk of developing 
the wet form of ARMD [82]. Over the 12 years that 
participants were followed in the landmark AREDS 
(Age-Related Eye Disease Study), conducted by the 
US National Eye Institute, those that reported the 
highest intake of omega-3 FA in their diets, were 
30% less likely to develop central geographic 
atrophy or wet ARMD [83]. However, when the 
follow-up AREDS2 study investigated if ω-3 
supplementation would have an additional benefit in 
reducing progression of macular degeneration, the 
researchers did not find a significant benefit over 5 
years. This led to the speculation that many of the 
participants may have met their dietary intake of ω-3 
FA, thus annulling any benefit from the additional 
supplementation. This further points to the                      
positive benefits of the ω-3 FA in eye health. A 
good supply of omega-3 FA was also observed 
to help maintain a tear film on the                        
surface of the eye [84].  Tears help clean and 
lubricate the eye, while the tear film interface, 
focuses light on the retina and plays a role in 
maintaining visual acuity. A recent study in 
Australia showed that taking a daily ω-3 
supplement, significantly reduced eye pressure.in 
individuals with abnormal eye pressure [85]. 
Omega-3 FA may thus prevent or slow down the 
development of glaucoma. A 2019 meta-analysis of 
17 randomized clinical trials (3363 people with DED) 
reported that supplementation with ω-3 FA 
significantly reduced dry eye signs and symptoms, 
suggesting that ω-3 FA supplementation may                    
have a   beneficial role in the treatment for DED  
[86]. 
 

https://en.wikipedia.org/wiki/Retina
https://en.wikipedia.org/wiki/Ocular_manifestation_of_systemic_disease
https://en.wikipedia.org/wiki/Diabetes
https://en.wikipedia.org/wiki/Hypertension
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6. DEVELOPMENTAL, WELLNESS AND 
CURATIVE ROLE OF Ω-3 FA    

 
It seems that ω-3 intake by an expectant mother is 
essential for brain and eye (neurological and visual) 
development of the foetus [20]. As ω-3 FA are 
significant components of breast milk, they may be 
necessary for infant nutrition and healthy 
development [87], as research has established that 
the addition of EPA and DHA to the diet of           
pregnant women, has a positive effect on visual and 
cognitive development of the baby [88]. However, 
another study [89], showed that maternal               
DHA supplementation did not improve 
neurodevelopmental outcomes at 18 to 22 
months’ gestational age in breastfed, preterm 
neonates, though subgroup analyses in the 
same study suggested a potential benefit for 
language acquisition in preterm neonates born 
before 27 weeks’ gestational age. Also, 
Strømmen et al. [90] found that enhanced 
nutrient supply to very low birth weight infants 
(<1500 g birth weight), resulted in improved 
white matter maturation and head growth, thus 
implying some benefits to the neonate of ω-3 
FA.  
    
The rods and cones, are responsible for low night 
vision, while the cones are more active at higher 
light, but also have a role in colour vision. In a 
prospective controlled study, it was evident that cell 
membranes of the rods and cones require ω-3 FA, 
specifically DHA, to develop and function well in 
preterm infants [91]. DHA accounts for more than 
50% FA content of rod outer segments, implying 
that DHA may help to renew the outer segment of 
photoreceptors and synthesize new membranes 
[56]. A study also showed that the efficiency of 
visual signaling was dependent on the presence of 
DHA in the rod outer segment membranes [9]. 
Chronic inflammation has been shown to play a role 
in the development of many common, degenerative 
and potentially damaging eye conditions like ARMD 
and diabetic retinopathy, through the ω-3 FA role in 
regulating inflammation [92,93]. EPA and DHA have 
been observed to play an important role in 
regulating the signaling molecules and hormone 
receptors that are implicated in inflammation, and 
particularly abnormal retinal neovascularization and 
vascular leakage [94], which are indications of 
retinal disease. Studies show that consuming 
adequate amounts of EPA and DHA can 
improve dry eye disease by decreasing the rate 
of tear evaporation and increasing tear         
secretion [95]. In the age-related eye disease 
study (AREDS), it was evident that                             
regularly consuming ω-3 FA can lower risk of 
ARMD [83].  

Supplementing with DHA therefore seems to 
preserve healthy retinal function, lowers 
occurrence of inflammation and supports visual 
acuity recovery [56,9]. Omega-3 FA 
supplementation has also been observed to 
decrease healing time due to abrasions of the 
corneal epithelium [96], arising from eye injuries 
when the outer surface of the eye gets scraped 
by objects. The optimal ratio of dietary ω-6 to ω-
3 is considered to be approximately 4 to 1 
[81,22], though the lower ratio of 2:1 seems 
appropriate for better physiological outcomes 
[97]. Excessive consumption of foods that are 
rich in ω-6 FA, can shift the ω-6: ω-3 to a higher 
ratio than 4:1. However, it has been reported 
that adults in many parts of the World may not 
be getting the daily, recommended dietary intake 
of long-chain ω-3 FA for optimal health [83,98], 
meaning that a significant percentage of their 
populations misses the health benefits of 
adequate ω-3 FA consumption. Diets that are 
rich in long-chain ω-3 FA have been suggested 
to provide long-term benefits for several chronic 
ocular conditions, including DED and ARMD 
[99]. These FA are observed to also help ensure 
the eyes drain fluids properly, which can help to 
prevent the onset of glaucoma, high pressure 
build-up in the eyes and retinopathy [85]. 
 
In a systematic review of meta-analysis and 
randomized controlled studies, ω-3 FA seemed 
useful for the treatment of DED [100], though the 
DREAM study funded by the US National Eye 
Institute did not show any significant benefit of 
omega-3 FA supplementation to keep DED 
incidence low over a 2-year observation period 
[101] as the results were similar to those of the 
placebo. This result was also arrived at in 
another randomized clinical trial with over 23,000 
US adults over a 5.3-year period with marine 
omega-3 FA [102]. Therefore, clinical trials 
assessing the effects of ω-3 FA supplementation 
on DED, presented contradictory results. While a 
possible role seems to exist for long-chain ω-3 
FA supplements in managing DED, the available 
evidence is inconsistent and inconclusive. The 
role of ω-3 FA in the management of DED and 
other ocular ailments, is thus a study area of 
continuing debate that requires further inquiry.  
 
DHA is implicated in maintaining the structural 
and functional properties of the retina, in addition 
to its observed anti-inflammatory effects [81]. 
Although epidemiological studies have 
associated dietary long-chain ω-3 FA intake with 
a lower risk of developing early-stage ARMD and 
its progression to the late-stages of the disease 
[103], ω-3 FA nutritional supplements were 
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shown in one study not to confer the same 
benefit of reducing the risk of developing ARMD 
as whole foods [104]. The difference in efficacy 
may be due to the potential synergistic 
interaction of the ω-3 FA with other nutrients that 
are present in whole foods, but not in 
supplements [105], these nutrients include zinc, 
Vitamins A, C, E and D [105]. These differences 
should therefore be considered when 
recommendations relating to the efficacy of ω-3 
FA as supplements in the treatment and 
management of ARMD and other ocular 
diseases are made. 
 

7. POTENTIAL Ω3 FA INTAKE FOR EYE 
HEALTH 

 
During manufacture as supplements, EPA and 
DHA are often combined and presented as 
EPA+DHA. The recommended optimal ratio of 
dietary omega-6 to omega-3 for cardiovascular 
health is considered to be approximately 4:1 or 
lower [106]. Excessive consumption of foods that 
are rich in omega-6 FA, can shift the omega-6 to 
omega-3 ratio higher than 4:1 [107], an 
occurrence that would be undesirable from a 
health viewpoint. As wild fish are the best source 
of EPA and DHA, various authorities recommend 
slightly different amounts that should be eaten 
when available (1-2 times/week commonly), 
though 2-4 servings per week for pregnant 
women would be more beneficial for the foetus 
[108], in view of the critical role of DHA in foetal 
brain and visual development [20]. The WHO 
recommends the intake of 0.3–0.5 g/day, while the 
US Food and Drug Administration (FDA) and the 
AHA recommend a regular intake of 0.9–1.0 g/day 
of fish edible portion for cardiovascular health. 
Anchovies, salmon, sardines contain > 1200 
mg/100 g of EPA+DHA in cooked edible portion, 
while trout and swordfish contain about 400-500 
mg/100 g of edible portion; the common aquaculture 
fishes of the tropics such as tilapia and catfish, 
ocean going fishes such as the groupers, mahi 
mahi, cod, halibut and haddock, contain less than 
250 mg/100 g of cooked edible portion [2,3,4].  The 
low omega-3 FA content in aquaculture-produced 
fish is due to the inclusion of a high proportion of 
grain in fish feeds. Consuming less than the 100 g of 
edible portion of these tropical and ocean-going fish 
may require that one seeks supplementation, 
though mixed diets may just supply the required 
amounts.  The National Academy of Medicine 
[109] recommends that men consume 1.6 grams 
of ALA daily and 1.1 grams per day for women, 
with individuals who are pregnant or 
breastfeeding needing about 1.4 g/day. The AHA 
recommends eating two servings of fish, 

particularly fatty fish, per week to help reduce 
the risk of heart disease and stroke, with two 
servings equaling about 170 g of cooked edible 
fish portion. Ideally, people should get the ω-3 
FA from food, though dietary supplements, such 
as fish oil, are an alternative, especially for those 
who don't eat fish. AHA advised that ω-3 FA fish 
oil supplements may slightly lower the risk of 
dying after a recent heart attack, but they do not 
prevent heart disease [110]. Further, the 
AHA advised in 2019 [111] that consuming 4 
grammes per day of prescription fish oil 
supplements as a safe and an effective method 
to lower triglycerides, in people with elevated 
lipid levels. The same advisory warned 
consumers not to take unregulated supplements. 
A-2022 analysis published in the Journal of the 
AHA (JAHA) found consuming 2-3 grammes 
each day of EPA and DHA, in food or 
supplement form, may be the ideal dose to help 
lower blood pressure [112].  
 
The specific amounts of the ω-3 FA for eye health 
and curing ocular disease have yet to be agreed 
upon. It is apparent that in most countries of the 
world, the omega-3 index is low, except for 
coastal and fishing communities or those who 
have not adopted western type diets or those 
who due to their good economic situation or 
knowledge, maintain their consumption of the 
omega-3 FA at appropriate levels. They thus 
may not miss out on most benefits of adequate 
intake of the omega-3 FA. In a global survey of 
omega-3 index (O3I) in blood sample data, 
regions with high blood levels of EPA + DHA 
were found in distinct regions with countries on 
the Sea of Japan (Japan, South Korea, and 
Primorsrky Krai region of Russia), Scandinavia 
(Denmark, Norway, and Greenland) and regions 
with indigenous populations or populations that 
are not fully adapted to “Western pattern” diets 
(Northern Russia, Alaska, Greenland, Papua 
New Guinea, Fiji, Nigeria, and the St. Helena 
Bay region of South Africa) [98]. Moderate blood 
levels of EPA + DHA were observed in Northern 
Canada (Cree/Inuit populations), Chile, Iceland, 
Finland, Sweden, Tunisia, Hong Kong, Mongolia 
and French Polynesia. Europe had eight 
countries with low EPA + DHA blood levels 
(Belgium, Czech Republic, France, Germany, 
Scotland, Spain, and The Netherlands) while 
Israel, some countries in Asia (China, Russia, 
and Singapore), Oceania (Australia and New 
Zealand) and South Africa and Tanzania, were 
observed to have low levels as well. Very low 
blood levels with O3I of <4%) were observed in 
North America (Canada and USA), Central and 
South America (Guatemala and Brazil), Europe 
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(Ireland, UK, Italy, Greece, Serbia, and Turkey), 
the Middle East (Iran and Bahrain), Southeast 
Asia (India) and Africa (Kenya) [98]. Diets that 
are rich in the ω-3 FA have been suggested to 
provide long-term benefits for several chronic 
ocular conditions, including DED and ARMD 
[99]. To improve the dietary intake of the omega-
3 FA it is advisable that one eats more omega-3 
FA rich foods and less of those that are high in 
the omega-6s, while there are several rich 
vegetarian sources of omega-3 FA, the body 
may not process their ALA fatty acid, as easily 
as the EPA and DHA found in fish [113]. The 
conversion of ALA into EPA and DHA is 
inefficient, such that the better option is to 
consume fish and fish oil. For those who do not 
consume fish for some reason, the purchase of 
supplements as a source of the ω-3 FA is 
advised. However, consumers should be aware 
that the efficacy of the omega-3s from whole foods 
is higher than that from supplements, due to the 
presence of such nutrients as lutein, beta carotene, 
Vitamin A, C, E and zinc, mainly from fruits and 
vegetables [114,115]. Most of these nutrients are 
known antioxidants, which play a role in regulating 
inflammation. It therefore seems that dietary 
emphasis should be on increasing the intake of the 
omega-3 FA from fish, other seafood and limiting 
the intake of the omega-6 FA from processed seed 
and nut oils and not drastically cutting down the 
intake of the omega-6 FA from whole foods. Other 
factors that influence the efficacy of the omega-3s 
include the manner of processing of the food, 
especially the extent of thermal processing. It also 
seems that determining the O3I is a good way to 
track the intake of the ω-3 FA for optimal health 
outcomes, with an index ≥8% being recommended 
[116]. The O3I is a measure of the level 
of omega-3 fatty acids, specifically, EPA and 
DHA in the red blood cells. It is expressed as a 
percentage and serves as a valuable indicator of 
one’s overall cardiovascular health. Not all fish 
oils give the same beneficial health outcomes. In a 
feeding experiment with mice on a high-fat diet 
using eel, cod, sardine and trout oil for 60 days, it 
was found that eel was the best source of the ω-3 
FA, with a balance of omega-6 FA to the ω-3 FA, 
that ameliorated high fat diet-induced mixed 
hyperlipidemia [117]. Subgroup analysis showed 
that the cardiovascular benefit of ω-3 FA was 
primarily attributable to the prescription of EPA 
ethyl ester. In addition, prescription omega-3 
acid ethyl ester had a good safety profile, 
despite the prescription EPA ethyl ester likely to 
induce bleeding [118]. The meta-analysis 
supported the use of prescription EPA ethyl 
ester formulations to prevent cardiovascular 
disease, but the potential risk of atrial fibrillation 

and bleeding was a concern [118]. The same 
study recommended that the ω-3 FA should be 
applied with caution in patients with previous 
myocardial infarction, while the increased risk of 
stroke may be expected. So, while omega-3 fatty 
acid supplements are relatively safe and in 
general do not increase gastrointestinal 
problems, attention should be paid to the risk of 
bleeding with prescription EPA ethyl ester 
formulations [118]. While the WHO recommends 
0.3–0.5 g/day, the US FDA and the AHA 
recommending an intake of 0.9–1.0 g/day of omega-
3 FA for cardiovascular health [119,81], the amount 
for eye health and that needed to slow the 
progression of the common ocular ailments has not 
been determined. It is apparent that the efficacy 
of the ω-3 FA depends on the source. In critical 
reviews from Jan 2010 to Sep 2020, it was 
established that high dose flaxseed or echium 
seed oil supplements, provided no increases to 
the O3I and some studies showed reductions 
[120]. However, microalgal oil supplementation 
increased O3I levels in all the studies. The 
results indicate that for vegetarians and vegans 
to benefit from DHA supplements, it is useful to 
maintain their regular consumption [120]. Based 
on data evaluated from another study, practical 
recommendations to improve O3I to ≥8% are the 
consumption of 1,000-1,500 mg for at least 12 
weeks [116].   
 

8. ADVERSE EFFECTS OF EXCESSIVE 
INTAKE OF Ω-3 FA 

 

High doses of the ω-3 FA >2000 mg but less 
than 4000 mg/day, are generally regarded to be 
safe and are well tolerated, though there are 
reported adverse effects of their consumption as 
supplements [121-123]. A systematic review of 
RCTs published between 1987 and 2023 
concluded that the adverse effects of ω-3 PUFA 
containing EPA or DHA, or both compared with 
controls (a placebo or a standard treatment), 
combinations of the 2 FA had significantly higher 
odds of occurrence of diarrhoea, dysgeusia, and 
bleeding tendency, but lower rates of back pain 
[124]. The most common and significant side 
effects are gastrointestinal (e.g., nausea and 
bloating), dermatological (e.g., skin itching), and 
haematological (e.g., anticoagulatory effects) 
[122]. Nonetheless, systematic reviews that 
examined the safety profile of ω-3 FA, when 
doses of up to 4000 mg/day were consumed, 
concluded that supplementation is well tolerated 
and that associated adverse events were of no 
clinical significance [108,124]. Other reported 
side effects of high dose consumption of the ω-3 FA 
in clinical trials, included increased bleeding risk 



 
 
 

Lokuruka; Asian J. Food Res. Nutri., vol. 3, no. 3, pp. 621-640, 2024; Article no.AJFRN.119439 
 
 

 
630 

 

[125], increased LDL-C production (though it 
increases LDL density) [126], and the inability to 
control blood sugar levels [127], implying that there 
would be no benefit of ω-3 FA supplementation for 
diabetic patients. Other risks associated with 
excessive consumption of supplemental n-3 
PUFA include altered platelet function. The 
presence of EPA and DHA leads to the 
production of thromboxane A3, which is a less 
potent platelet activator than thromboxane A2 

[108], which leads to an antithrombotic effect 
that is detrimental to wound healing [122]. The 
adverse effects on wound healing may be at 
their greatest, immediately after trauma or 
surgery, being also dependent on the amount 
and the duration of supplementation, and, the 
severity of the wound. Another side effect is the 
potential for lipid peroxidation. Long-chain, highly 
unsaturated fatty acids such as EPA and DHA, 
are at high risk of peroxidation. Membrane 
phospholipid fatty acids can be vulnerable to 
peroxidation, resulting in free radical formation, 
which can be detrimental to proteins and DNA 
integrity [121]. The authors found out that, 
although a ratio of dietary (n-6) to (n-3) fatty 
acids of 1.4:1 depresses the cell-mediated 
immune response and PGE (prostaglandin 
E2) production, compared to the ratio of 31:1 of 
n-6:n-3 FA. It seemed to increase lipid 
peroxidation and lower vitamin E concentration.  
However, in a study (though short), on growing 
horses fed 60 mg/Kg of body weight daily for 60 
days, n-3 FA supplements did not negatively 
affect vitamin E status or promote lipid 
peroxidation. Elevated vitamin E status in the 
horses fed FISH, coupled with lower serum F2-
isoprostanes, further suggests that the longer-
chain, highly unsaturated n-3 FA, EPA and DHA, 
may actually reduce lipid peroxidation [128]. N-3 
PUFA supplementation has been contra-
indicated during antiplatelet and anticoagulant 
treatment due to the synergistic effect on 
bleeding times, when administered together with 
aspirin (simvastatin) [129]. Nevertheless, 
potential risks should be assessed versus the 
potential benefits, with the adverse effects likely 
to be dose-dependent. Also, most side effects are 
apparent only with the consumption of supplements 
as the amounts of the ω-3 FA in diets are normally 
low, with amounts varying depending on the nature 
of food and the manner of processing. To avoid 
undesirable side effects, consumers should eat as 
much of the plant sources of omega-3 FA, as any 
adverse side effects from their consumption are 
minimal. Also, for individuals who do not consume 
fish, EPA and DHA are manufactured commercially 
from microalgae, which is an excellent source of the 
ω-3 FA. Algal oil is another vegan source of these 

FA. Algae are the original source of the ω-3 FA that 
are consumed by fish and other phytophagous 
marine organisms. Algae or algal oil are also 
acceptable sources of the ω-3 FA as they do not 
have the smell of fish which can put off some 
consumers. To reduce the generation of trans fatty 
acids through high temperature thermal processing, 
one should broil or bake and grill fish instead of 
frying. Doing so optimizes ω-3 FA retention, thereby 
benefiting dietary intake. 
 

9. SUSTAINING OMEGA-3 FA SUPPLY 
 
The increasing knowledge on the role of ω-3 FA 
in the aetiology of many diseases of mankind, is 
driving the quest for industry to supply increasing 
amounts of ω-3 FA for human needs. Marine fish 
and fish oils are regarded as the best sources of 
ω-3 FA [3,6]. Algae, algal oil and seaweed are 
good source of these FA [109] for vegans. 
However, other marine organisms are also likely 
to provide the ω-3 FA for human health 
requirements. But the question of sustainable 
supplies is one that industry has to answer as 
demand for the ω-3 FA increases due to their 
acclaimed health benefits. The dwindling natural 
fish stocks and the low ω-3 FA in aquaculture-
produced fish (due to the incorporation of 
considerable amounts cereals in fish feeds), 
despite the rising global production of 
aquaculture-produced fish, makes the provision 
of adequate quantities of the ω-3 FA for human 
consumption seem a daunting task. The 
Antarctic Krill may be one answer to the potential 
increasing demand for ω-3 FA. It is reported that 
less than 1% of the krill biomass has been 
exploited [130] versus 20% of marine fish stocks 
[131]. The abundant biomass of this organism in 
Antarctica, may just be the answer for the time 
being to the sustainable supply of the ω-3 FA for 
human needs, alongside farming of algae and 
other organisms on an increasing scale. 
However, Krill are sensitive to ocean acidification 
and the effects of climate change can drastically 
upset its survival. In Krill, 30–65% of EPA and 
DHA are in phospholipid fatty acids, while in fish 
or fish oil, EPA and DHA are mainly in 
triglycerides (sn-2 position) [132,133]. This 
implies better bioavailability of the ω-3 FA from 
Krill meal and oil, compared to those from fish 
oil, as was demonstrated in a randomized, single 
dose, single-blind, cross over trial with 15 
healthy volunteers [134], though further long-
term and bigger clinical trials are needed. Also, a 
recent study. Mozzafarian et al. [134], found that 
an ω-3 phospholipid ester/free fatty acid, a novel 
krill oil–derived ω-3 formulation, reduced 
triglyceride levels and was safe and well 
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tolerated in 520 patients with severe 
hypertriglyceridemia, thus pointing to sensory 
acceptability and therefore potential benefits 
from the consumption of krill oil-derived 
products, as they also do not have the fishy 
smell of fish, fish oils or fish oil supplements.   
 

10. CONCLUSION  
 
The ω-3 and 6 FA are an integral part of a 
healthy diet, and their recommended ratio in 
diets currently stands at 1:4, though lower ratios 
are increasingly being considered for optimal 
health. Fatty fish from the wild, fish oils and fish 
oil supplements are the best sources of the ω-
3s, particularly EPA and DHA, with flax seed and 
its oil, walnuts, chia seeds, soybean and its oil, 
tofu, other soya products, canola oil, and, meat 
from grass-fed ruminants being good sources of 
ALA. All the fish do not have similar amounts of 
ω-3 FA and all fish oils are not equally 
efficacious. AHA advises that ω-3 FA fish oil 
supplements may slightly lower the risk of dying 
after a recent heart attack, but they do not 
prevent heart disease. The considerable 
consumption of plant foods that are good 
sources of ω-6 FA and less fish, may shift the 
ratio higher than 1:4, which may be undesirable 
health-wise. In view of the influence of one on the 
other for optimal health outcomes, the maintenance 
of a good balance of the omega-3 to omega-6 FA 
seems critical for optimal health outcomes and well-
being. The amounts of the ω-3 FA in diets are 
normally low, with amounts varying with the nature 
of food and the manner of processing. To avoid any 
undesirable side effects from supplements, 
consumers should eat as much of the                           
plant sources of ω-3 FA, as any adverse effects 
from their consumption are minimal.  EPA and 
DHA are required for brain and vision 
development in infants and children and have 
also been shown to prevent DED and slow down 
the progression of ARMD, glaucoma and 
retinopathy.  
 

11. RECOMMENDATIONS 
 
Ideally, people should get the ω-3 FA from food, 
though dietary supplements, such as fish oil, are 
an alternative, but not for those who do not eat 
fish and who should therefore seek non-fish oil 
supplements. It is recommended that men 
consume 1.6 grammes of ALA daily and 1.1 
grammes per day for women, but with women 
who are pregnant or breastfeeding needing 
about 1.4 g/day. The AHA recommends eating 
two servings of fish, particularly fatty fish, per 

week to help reduce the risk of heart disease 
and stroke, with two servings equaling about 170 
g of cooked edible fish portion  Nevertheless, the 
recommended WHO and AHA daily intake of the 
ω-3 FA for optimal health and specially for 
cardiac health, currently stands at 0.5-1 g/day as 
EPA+DHA, but that for optimal ocular health and 
the treatment of the common eye diseases is 
currently undetermined, though it cannot be 
higher than that recommended for optimal well-
being, A daily intake higher than 1 g/day and up 
to 2 g/day of EPA+DHA as supplements, is 
considered safe, based on age, gender and 
health condition, though caution currently 
restricts the upper limit to approximately 4 g/day. 
The omega-3 index of ≥8% in red blood cells 
seems to be a good measure of the ω-3 FA 
status as necessary to maintain good cardiac 
health and general well-being. Despite marine, 
fatty fish from the wild and fish oil supplements 
being the best source of the ω-3 FA, frying fish 
destroys the fatty acids and alters their profile 
and may even reduce their bioavailability. As 
fried fish may therefore be lower in the ω-3 FA 
and high in trans fatty acids, boiling in water, 
baking or grilling are recommended methods for 
preparing fish for human consumption. Good 
manufacturing practice during the manufacture 
of ω-3 FA supplements could incorporate 
Vitamins A, E, C, and Zinc as synergistic 
nutrients, as they have been found to boost the 
efficacy of the ω-3s. The proportion and 
mechanism of action of the synergist nutrients 
with the ω-3 FA in supplements, could be an 
area of future research. Future ocular clinical 
research with ω-3 FA should also include ω-6 FA 
as part of the regimen.  
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