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Abstract: Despite advances in medical management diabetes mellitus (DM), it remains on
the rise and it is the major cause of morbidity and mortality. Its etiology is multifactorial
involving environmental, genetic and behavioral origins. It is closely linked to sedentary life
and inappropriate food intake. Patients with DM should know about the uses of correct
nutritional habits, which is the key in the regulation of blood glucose. Despite the promising
experimental investigations, currently, the clinical evidence for the usage of omega-3 sup-
plementation for the management of DM and its complications is both conflicting and
limited. In this narrative review, I will summarize recent findings about dietary sources,
the potential mechanisms, benefits, and practical considerations on omega-3 polyunsaturated
fatty acid supplementation for the management of DM. The search of literature for this
narrative review was done comprehensively by using appropriate search terms and different
electronic databases.

Keywords: review, benefits, omega-3 polyunsaturated fatty acid, diabetes mellitus

Introduction

Diabetes mellitus (DM) is one of the most prevalent metabolic disorders globally. It
is a highly inflammatory disorder with increased blood concentrations of numerous
inflammatory biomarkers."* It is closely related to sedentary life and inappropriate
food intake.® Patients with DM should know about the uses of correct nutritional
habits, which is the key in the regulation of blood glucose.* Dietary strategies are
vital to the treatment of DM and risk factors for cardiovascular disease (CVD)
development.”

Eating patterns like the Mediterranean style, Dietary Approaches to Stop
Hypertension and monitored carbohydrate diet are effective for lowering CVD
risk factors and controlling glycemia.® Mediterranean-style diet is the most com-
prehensive diet, characterized by olive oil as the chief source of fat and high
consumption of vegetables, monounsaturated fatty acids and a low consumption
of red or processed meat.” The American Diabetes Association (ADA) approves
a mediterranean-style diet and long-chain omega-3 fatty acids without supplements.
Oily fish intake, without supplementation, is recommended in the United Kingdom
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for DM patients.® In addition, the national lipid association
recommends adults >2 servings of fish/seafood per week.’

CVD is the principal cause of mortality in patients with
DM.'? According to some studies omega-3 polyunsaturated
fatty acid (O-3 PUFA) therapy helps in the prevention of CVD
among DM patients. O-3 PUFAs helps in the improvement of
coagulation, lipid profile and inflammatory parameters.'!
Moreover, O-3PUFA long-term supplementation helps in the
reduction in pulse pressure and blood pressure.'*'?

Animal studies revealed the plasma level of O-3 fatty
acid is decreased among diabetes."* The blood levels of
O-3fatty acids can differ based on diet habits and geogra-
phy. For instance, Japanese living in Japan have higher
blood o-3fatty acid levels than whites in living in
living in

Pennsylvania Americans

15

and Japanese
Honolulu.”> A low level of O-3 fatty acid promotes
inflammation, on the contrary, higher intake of O-3 fatty
acid and their high concentration in the erythrocyte mem-
brane is related to a lower risk of inflammation.'®
Evidences regarding those issues were relatively deficient
with few summarized studies. Hence, in this review, I will
provide comprehensive summarized evidence regarding the
benefit, types, dietary sources and mechanism of action of

O-3PUFA for DM patients using available evidence.

Types and Dietary Sources of
O-3PUFA

There are three types of Omega-3 fatty acids: Those include;
Alpha-linoleic acid (ALA), Eicosapentaenoic acid (EPA) and
Docosahexaenoic acid (DHA). EPA and DHA are derived
predominantly from fish and seafood and ALA is derived
from plant sources, such as seeds, particularly flaxseed and
leafy greens.'” DHA and EPA are found in predominantly in
fish and other seafood, and thus they may be together referred
to as marine O—3 fatty acids.'®

In human diets, ALA is frequently derived from bota-
nical sources such as green leaves, flaxseed, pecans and
kiwifruit with chia seed and flax seed being the richest
sources. Linseeds and their oil typically contain 45-55%
of fatty acids as ALA, while rapeseed oil, soybean oil, and
walnuts all typically contain ~10% of fatty acids as ALA.
There is small ALA from sunflower oil and corn oil."” The
principal food sources of omega-3 fatty acids are oily fish
(Table 1). But, it should be noted that the omega-3 content
of fish differs by the fish’s diet and species. The best
sources of omega-3 fatty acids are herring, salmon, ancho-
vies, rainbow trout and sardines.*’

Marine fishes have more O—3 PUFAs than farmed ones
since most marine fishes feed on phytoplankton and

Table | Summary on the Sources of Omega-3 Polyunsaturated Fatty Acid and Their Concentration

ALA EPA DHA References
Fish oil (g/100g) Menhaden - 13.17 8.56 [123]
Salmon - 13.20 18.23
Sardine - 10.14 10.66
Cod liver - 9.90 10.97
Herring - 6.27 4.21
Fish (g/100 g) Caviar, black and red, granular - 2.74 3.80
Shad, American, raw - 1.09 1.32
Salmon, Chinook, raw 1.01 0.94
Herring, Atlantic, kippered 0.97 1.18
Salmon, Atlantic 0.15 0.86 1.10
ALA content of selected vegetable oils (g/100 g) Perilla 54-65 [124]
Linseed 50-54 [125,126]
Canola 911 [127]
Wheat germ 6.9 [127]
Soybean 6.8 [128]
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zooplankton that are rich in O—3 PUFAs. Similarly, cold-
water fishes accumulate much proportions of long-chain O—3
PUFAs that aid them to adapt to cold environment than warm
water fishes. Omega-3 fatty acid products are available as
prescription formulations (icosapent ethyl, omega-3-acid
ethyl esters A, omega-3-acid ethyl esters, Omega-3-car-
boxylic acids) and dietary supplements (predominantly fish
oils). Fish, fish oil supplements, and other seafoods primarily
account for the DHA and EPA in human diets.*!

Once eaten, the body converts ALA to EPA and then to
DPA and lastly to DHA, but this conversion is inadequate,
with less than 15%. As this conversion is not efficient
enough to fulfill health requirements, DHA and EPA are
considered essential fatty acid as well and,* thus consuming
them is the only practical way to get them in the body.*® The
consumption of O—3 PUFAs is usually inadequate because
of their limited sources.”* EPA and DHA are also available
in O-3 fortified foods, including pastas, breads, cereals,
eggs, dairy products, meats, juices, salad dressings, spreads,
and oils. Consumption of O-3 fortified foods is a potential
option to increase EPA and DHA intake in vegetarians or
individuals who dislike fish/seafood.”®

Mechanism of Action

T2DM is closely linked with obesity, and adipose tissue
produces numerous hormone-like compounds that can
raise insulin resistance (IR).>® Adipose tissue is involved
in hormone secretion, such as leptin, adiponectin and
visfatin, and could stimulate insulin signals. Adiponectin
has a role in the modulation of lipid and glucose metabo-
lism together with insulin-sensitive tissues.>’

In humans, levels of adiponectin are lower in IR states,
as well as in T2DM. Experimental studies revealed sup-
plementation with O-3 PUFA improved insulin sensitiza-
tion, thru increased levels of adiponectin and reduced
inflammation.”®>° It raises adiponectin synthesis by inhi-
biting transient receptor potential canonical calcium ion
channels, which can control adiponectin production.®'
Besides, in animal model adiponectin prevents T2DM
and atherosclerosis.®> Agonism of G-protein coupled
receptor 120 (GPR120) which is a receptor for O-3 fatty
acids, has potent anti-inflammatory effects by blocking the
signaling of many pro-inflammatory mediators.*

EPA is metabolized to the thromboxanes, prostaglan-
dins and leukotrienes, which had anti-coagulant and anti-
inflammatory effects.”® Besides, the metabolic products of
O-3 fatty acids, namely protectins, resolvins and maresins

are also anti-inflammatory in nature and thus counteract
inflammatory responses during CVD.**

Generally, proposed mechanisms of O-3PUFAs protec-
tion against several diseases including DM, were: (i) They
increase the production of anti-inflammatory eicosanoids that
can help in phagocytosis and resolution of inflammation; (ii)
they can inhibit the production of adhesion molecules (iii)
they can limit the activity and production of inflammatory
mediators (iv) they can inhibit sterol regulatory element-
binding protein 1c nuclear factor which mediates lipid degra-
dation and decreases lipid biosynthesis; and (v) they can
improve hypothalamic regulation and glucose uptake.*’

Furthermore, O-3 PUFAs can potentially reduce
inflammation via many mechanisms, including inhibition
of nuclear factor kappa B activation, inhibition of the
and initiation of anti-

arachidonic acid pathway,

inflammatory signaling through GPR120 and decrease

C-reactive protein (C-RP) concentration (Figure 1).°%>%

Benefits on Diabetic Complications

On Glycaemic Control
O-3PUFA supplementation was postulated to improve gly-
caemic control which is the cornerstone of DM manage-
ment. Possible mechanisms for this include improved
hepatic insulin sensitivity through reducing lipogenesis
and hepatic fatty acid oxidation®” and modulation of incre-
tin hormones, which are participated in glucose-stimulated
insulin secretion.*” Furthermore, in animal studies, supple-
mentation with O-3PUFA improved insulin sensitization,
potentially via increased levels of adiponectin, an emer-
ging protective risk factor, and reduced inflammation.***'
According to some studies O-3 PUFA supplementation
had beneficial effect on glucose level, Hb1Ac, reduces pro-
inflammatory cytokine levels and improves glycaemia.***
A review exploring the impact of PUFA intake on glycaemic
control in T2DM populations concluded that PUFA supple-
mentation of 0.42-5.2 g/day for at least 2months may benefit
glycaemic control, particularly in Asian populations.** DPA
supplementation was shown to be effective in reducing
blood glucose levels and improving homeostasis model
assessment of insulin resistance in a rodent model.*’
However, a meta-analysis of 20 randomized controlled
trials (RCTs) with T2DM patients reported that there were
no significant differences in markers of glycaemic control,
including fasting blood glucose, postprandial plasma glu-
cose, fasting insulin and HbA 1c with O-3 PUFA supplemen-

tation (0.52 to 3.89 g/day EPA and up to 3.69 g/day of DHA,

Nutrition and Dietary Supplements 2021:13

submit your manuscript 55

Dove’


http://www.dovepress.com
http://www.dovepress.com

Abdissa

Dove

PPAR-a activation

- Tless inflammatory

?;gza¥§gs)s(PG3’ - JTAG and VLDL secretion
_ Lpro—,inﬂammatory O- - Increased fatty acid

cytokines( TFN-a, IL-6; IL- 3PUFA - |5 oxidation

1B) o
- tpro-resolving PPAR-y activation

mediators(protectins, .

resolvins and maresins) - Increasing TAG clearance
- | CRP - Increased glucose disposal
- Partial displacement of pro-

inflammatory n-6 fatty acid Mevels of

pathway adiponectin J/

Improve insulin

- JInflammation /

sensitization

Improved  blood

lipid profile

!

| Adiposity

N

| CVD risk

Figure | Summary figure on mechanism of action of O-3PUFA. Arrows going up represent an increase in a specific parameter whereas arrows going down represent

a decrease in a specific parameter.

Abbreviations: PG3, prostaglandin E3; TXs, thromboxanes; LTs5, 5-series leukotrienes; TFN-q, tumor necrosis factor-a; IL-6, interleukin 6; IL-1B, interleukin 1f3; CRP,

C-reactive protein; CVD, Cardiovascular disease.

65 duration ranged 2-48 weeks) in comparison to control
groups.46 Human trials showed that O-3 PUFA supplemen-
tation appears to have a negligible effect on insulin sensitiv-
ity and markers of glycaemic control including HbAlc and
fasting glucose.*”*® Furthermore, one RCT has suggested no
benefits of low-dose O-3 PUFAs in dysglycemia.*’
Generally, so far there are inadequate studies that recom-
mend the usage of O-3 PUFA for glycaemic control.

On Cardiovascular Disease

CVD is the most common cause of morbidity and mortality in
T2DM patients and its risk factors are common in patients with
T2DM. It has been revealed that O-3 fatty acids can decrease
cholesterol and prevent IR.’' They switch off the genes parti-
cipated in lipid synthesis, diminish the hormones associated
with obesity and inhibit omega-6 fatty acids production.>
Furthermore, O-3 PUFA has been widely used for the manage-

53,54

ment of hypertriglyceridemia and according to recent

systematic review of RCTs O-3PUFAs can be recommended
for ameliorating CVD risk factors.”

Suggested mechanisms for the protective role of O-3
fats against CVDs include: modulating arterial lipoprotein
lipase levels; altering the lipid profile, lowering the blood
pressure, reducing thrombotic tendency; producing anti-
inflammatory effects and improving vascular endothelial
function.>® Furthermore, it helps against CVD by disrupt-
ing the c-Jun N-terminal kinase (JNK) signaling by redu-
cing the expression of tumour necrosis factor-alpha.®’

A meta-analysis of 5 trials in T2DM revealed that O-3
PUFA supplementation considerably reduced diastolic blood
pressure.>® In a similar way, a clinical trial with O-3PUFA
supplementation in women with T2DM revealed a major mean
reduction in blood pressure.”® Consistent O-3PUFA supple-
mentation may decrease the risks of sudden cardiac death and
myocardial infarction (MI). In addition, some evidence pro-
posed that it may improve blood circulation and increase the
breakdown of fibrin,*°
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EPA at a pharmacologic dose can lower fasting trigly-
ceride and interfere with atherosclerosis which causes
reduced CVD.®' It has also been reported that O-3PUFA
inhibits

decreases oxidative stress.®” A meta-analysis demonstrated

supplementation platelet aggregation and
that O-3 PUFA supplementation improves endothelial dys-
function and arterial stiffness in T2DM patients.®
Furthermore, according to meta-analysis by Wang et al
supplementation with long-chain PUFAs significantly
improves the endothelial function.®*

However, over three months of high-dose O-3 PUFA treat-
ment in very high-risk patients with atherosclerotic CVD and
T2DM did not improve the endothelial function indices.®
A recent meta-analysis among type one DM patients indicated
that daily high dose bolus of O-3PUFA supplementation for
six-months does not improve glucose homeostasis, vascular
health or metabolic parameters.®® Furthermore, other study
demonstrated that in patients with long-standing, well-
controlled T2DM and atherosclerotic disease treatment with
a high dose of O-3 PUFAs for three months does not improve
coagulation and inflammation.®’

According to the result from the ORIGIN (Outcome
Reduction with Initial Glargine Intervention) trial, which eval-
uated the effects of 0.9g/day of O-3 fatty acids ethyl esters on
cardiovascular outcomes in patients with DM, found no reduc-
tions in deaths from CVD causes.”” Besides, according to
ASCEND (A Study of Cardiovascular Events in Diabetes)
revealed that among patients with DM but without evidence
of CVD at baseline, there was no significant difference in the
incidence of serious vascular events between those who
received O—3 fatty acids and those who received placebo.®®
Studio della
Sopravvivenza nell’Infarto Miocardico (GISSI)- -Prevenzion

However, Gruppo Italiano per lo
study, showed that the early administration of low-dose (1 g/
day) O-3 PUFA reduces total mortality and sudden death by
CVD.® According to JELIS (Japan Eicosapentacnoic Acid
Lipid Intervention Study) among patients with hypercholester-
olemia received statins alone or in combination with highly
purified EPA (1.8 g/day) after 5 years patients receiving the
combined treatment experienced a 19% relative reduction in
major coronary events.”® Furthermore, based on results from
REDUCE-IT (Reduction of Cardiovascular Events with EPA
Intervention Trial), the addition of 4 g/d of EPA plus statin
resulted in a significantly lower occurrence of CVD events.”'
This finding provides a strong rationale for prescribing icosa-
pent ethyl for patients with hypertriglyceridemia who are on
a statin.

In general, despite the substantial body of evidence that
has investigated O-3PUFA supplementation on CVD risk
factors within T2DM populations; the effect of O-3PUFAs
on clinical CVD endpoints is not conclusive. Thus, O-3 PUFA
supplementation is therefore not recommended by the AHA
for the prevention of CVD in patients with T2DM.”*

On Diabetic Retinopathy

Omega-3 fatty acids have a great role to avoid the progression
of diabetic retinopathy, because of their anti-angiogenic, anti-
inflammatory and antioxidant properties.”> They reduce the
formation of free radicals and inducing the expressions of
endogenous antioxidant enzymes. Also, they prevent the initia-
tion of retinal angiogenesis remarkably by down-regulating the
expressions of various angiogenic agents such as Matrix metal-
loproteinases (MMPs), Cyclooxygenase-2 (COX-2) and
endothelial ~ growth (VEGF).”*7
Furthermore, since they form an vital constituent of cell mem-

Vascular factor
branes they control cell membrane fluidity.”®

Animal studies revealed that O-3PUFAs inhibit hyperoxia-
induced premature retinopathy.”’ A prospective observational
study among older patients with T2DM who consumed
Mediterranean diet and had a dietary O-3 PUFA intake equiva-
lent to at least two weekly servings of oily fish had
a significantly lower risk of diabetic retinopathy.”® However,
abeneficial effect of omega-3 PUFAs in human retinopathies is
unclear, possibly due to the paucity of human studies in the

area.

On Diabetic Nephropathy

Recent meta-analysis revealed that O-3PUFA supplementation
could help improve proteinuria and maintain renal function
among T2DM.”>* The effects of O-3 PUFA supplementation
in subjects in DM patients are dependent on the dose of
O-3Fatty acid supplementation.®’ Other study showed that
higher dietary O-3PUFA consumption was related with
a lower risk of proteinuria among DM patients.** For people
with T2DM, the European Prospective Investigation of Cancer
study showed that consuming at least two servings of fish per
week lowered their risk of macro-albuminuria.** In the CKD
population specifically, a 12-week intervention study showed
omega-3 PUFA supplementation (3.6 g daily) to reduce trigly-
ceride levels, retard CKD progression, and having the capacity
to reduce inflammation and oxidative stress.**

Early rodent models suggest a higher O-3 PUFAs intake,
particularly omega-3 PUFAs (from fish oil), to reduce albumi-
nuria in diabetic nephropathy.® In human trials, however, the
effects are far from conclusive, likely owing to the short
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durations and small sample sizes of current studies.*®
Currently, O-3PUFA supplementation should not be advocated
for avoiding kidney complications in diabetic nephropathy and
existing literature were unable to draw conclusions.

The mechanisms via which O-3 fatty acids diminish pro-
teinuria are not clear up to now. One of the suggested hypoth-
eses is that O-3 fatty acids may decrease urine protein excretion
via anti-inflammatory and oxidative stress. As hyperglycemia
amongst diabetic sufferers induces podocyte injury as well as
endothelial cell and tubulointerstitial harm through the activa-
tion of protein kinase C, formation of advanced glycation end-
products, and generation of reactive oxygen species, which
performs a pivotal function in initiation and progression of
proteinuria and diabetic nephropathy.®’

For Prevention of DM
Omega-3 polyunsaturated fatty acids are an increasing
number of being used to prevent CVD, along with DM.
However, long-term effects of PUFA on development and
management of DM remain inconclusive. Some studies
suggest that O-3fatty acids supplementation was either
positively, negatively or insignificantly associated with
DM development.®**° Recent systematic review and meta-
analysis suggests that increasing O-3 fatty acids has little
or no effect on prevention and management of T2DM.”’
A recent meta-analysis of RCTs established that O-3PUFA
supplementation has little effect on the prevention of
T2DM in humans and evidence for preventing T1DM
remains preliminary and limited to animal studies.”'
However, a meta-analysis revealed that the appropriate
dosage and compositions of omega-3, optimized cooking
method, and early omega-3 supplementation might be bene-
ficial for T2DM prevention.’? Epidemiological studies suggest
that inadequate O-3PUFA intake is related with an increased
risk of developing both T2DM”* and type 1 DM.'®

Other Functions
DHA helps in maintaining membrane fluidity of the brain
which is vital for proper neurological and cognitive
functions.”* O-3PUFAs are involved in the development and
maintenance of healthy nerves. Experimental study revealed in
peripheral nerve injury, increased endogenous levels of O-3
PUFAs have been shown to improve sciatic nerve blood flow
and speed up the recovery.” Furthermore, O-3 PUFASs helps in
the prevention of heart disease® and prevent oxidative stress
among DM patients.”®

Moreover, it has been proposed that O-3 Fatty acid
treatment partially blocks the development of experimental

diabetic cardiomyopathy by affecting sarcoplasmic reticu-
lum calcium transport activity.”” Supplementation of O-3
FUFAs is also a promising novel nutritional approach to
decrease obesity and associated metabolic disorders. They
are effective in protecting against obesity by activating
brown adipose tissue which aids energy expenditure thru
its specialized thermogenic function.”® In general, there is
limited clinical evidence which support O-3 PUFA supple-
ment use in DM management and prevention (Table 2).

Nutrition Guidelines for T2DM

Treatment

Dietary intervention is a key factor in the management of
DM and the goals of nutrition therapy to adults with
diabetes is to promote and support healthful eating pat-
terns, focusing a variety of nutrient dense diet in appro-
priate portion sizes, to improve overall health (Table 3).
Medical Nutrition Therapy for diabetes aims to achieve the
following objectives:

e Achieve and maintain near normal blood glucose
goals

e Achieve and/or maintain normal blood pressure

e Achieve and/or maintain optimal blood lipid levels

e Prevent, delay or treat nutrition-related complications

e Provide adequate kilocalories for achievement of
reasonable body weight

e Provide optimal nutrition for maximizing health
and for growth, development, pregnancy, and
lactation.”’

Evidence does not support recommending O-3PUFA sup-
plements for people with DM for the prevention or treat-
ment of CVD. As recommended for the general public, an
increase in foods containing long-chain O-3 fatty acids is
recommended for patients with DM due to their beneficial
effects on the prevention of heart disease, lipoproteins and
associations with positive health outcomes.'” If the tri-
glyceride concentration is not controlled with statins or
fibrates O-3 fatty acids (4g/day) EPA can be used in
patients with T2DM and in general CVD population.”’

Practical Considerations of O-3
PUFA Supplementation

So far, there is no similar scientific guideline on the ideal
0O-3 PUFA intake. Things need to be considered include
the issues related to supplement dose, purity, cost of
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Table 2 Current State of Evidence for the Effects of Omega-3 PUFA Intake Regarding Diabetes Complications

Beneficial Effects Studies Support No Effect or Minimal Effect | Remark
Beneficial Effect or Detrimental Effects
Glycemic control [42,129] [44,46-[48] Inconclusive
CVD and its ® Hypertriglyceridemia [53,54] [49] Not conclusive in support of
risk factors o Blood pressure [58,59] 0-3PUFA beneficial health effects
® Arterial stiffness [63]
® Endothelial function [63,64] [65]
® Coagulation [ [67]
Diabetic nephropathy [79,80,84] [86] The effects not conclusive
Diabetic retinopathy [73,76] Inconclusive
Prevention of DM [92] [90,91]
Other functions ® Cognitive functions [94]
® Diabetic cardiomyopathy | [97]
® Protect against obesity [98]
® Bone health [130]

Table 3 American Diabetes Association 2016 Recommendations for Diabetes Patients

Energy Balance

Recommend reduced energy intake to promote weight loss in overweight/obese adults.

Carbohydrates

Recommend carbohydrate intake from veggies, fruits, whole grains, legumes and dairy.

Avoid other carbohydrate sources, especially those with added fats, sugar and sodium.

Substitute foods with lower glycemic load for those with higher load.

Consume at least, Fiber: 25 g/day women; 38 g/day men (l4g fiber/1000 kcals/day) and 250% of all grains

should be whole grains.

Sucrose, Fructose, Caloric

Recommend minimizing sucrose intake when substituting for starch.

Sweeteners ® Avoid displacing nutrient-dense foods.
® |imit/avoid sugar-sweetened beverages.
Protein ® Diabetes without diabetic kidney disease; No ideal intake to improve glycemic control or CVD risk with

emphasis on individual goals.
Diabetes and macro-or microalbuminuria; reduction of protein intake below daily allowance of 0.8g/kg body
weight not recommended.

Do not use carb sources high in protein to treat or prevent hypoglycemia for T2DM.

Dietary fats

® Limit as much as possible Trans-fat, Eat fish (particularly fatty fish) 22 times/week.
® |ncrease intake of foods with EPA, DHA, ALA rather than low-fat, high carbohydrate in patients with T2DM.

Recommends alternatives like Mediterranean-style, MUFA-rich eating pattern, <10% of calories of saturated

fats, <300 mg dietary cholesterol/day of cholesterol.

Alcohol

Recommends daily moderation. Women: <1| drink/day and Men: <2 drinks/day.

Micronutrients

Recommends optimizing food choices to meet recommended micronutrient dietary allowance/intake.

Sodium

Recommends reduced intake to <2300 mg/day.
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obtaining O-3 PUFAs thru supplementation versus food
and possibility of adverse effects. Adverse effects are
likely dose-dependent. Due to their structure, O-3 PUFAs
are susceptible to oxidation if exposed to excess heat.
Improper storage of O-3PUFA supplements may cause
their damage and affect their beneficial health effects.

O-3 PUFA supplements are a cost-effective way of
attaining therapeutic doses. The common therapeutic
dosages range from 1-4g/day.'®' But, due to the beneficial
effect of dietary sources in improving diet quality and
improve intake of other beneficial nutrients, the food
sources have to be prioritized.'*?

There are limited studies to draw exact suggestions
regarding dosage; duration and the interaction of dosage
O-3 PUFA intake and the available information are incon-
sistent. Probably, the consistent their cardiovascular effects
might be likely only with doses above 2000 mg daily.'*
Currently, dietary recommendations for individuals with
and without DM supports increased consumption of foods
rich in O-3PUFA but do not recommend supplementation.’ 04
The Global Burden of Disease Study suggests that optimal
intake of long-chain O-3 fatty acid is 0.25 g/d.'*

The Diabetes Global

Guideline for T2DM recommends that in patients with

International Federation
T2DM who are unable to achieve lipid-lowering targets
with or are intolerant of conventional medications should
be considered as candidates for other medications for
dyslipidemia, including high-dose O-3PUFAs.'”® The
2012 Endocrine Society clinical practice guideline on eva-
luation and treatment of hypertriglyceridemia, though not
specific to patients with T2DM, recommends that drug
therapies like fibrates, or O-3PUFAs (alone or in combina-
tion with statins) be considered for treatment of moderate
to severe triglyceride levels.'"’

According to a systematic review by Brown et al sup-
plemental long-chain O-3 fatty acids would not be encour-
aged for the prevention or treatment of DM. In case,
supplementary long-chain omega-3 fatty acid is used to
reduce triglyceride concentrations, or people with or at
risk of T2DM choose to take supplementary long-chain
0-3, doses below 4.4g/d should be encouraged.”® On the
other hand, according to some studies, there is an
increased risk of T2DM with the intake of long-chain
O-3 fatty acids, particularly with higher intakes (>0.20g
0-3/d)."° The Food and Drug Administration (FDA)
recommends that the intake for consumers not exceeds
3g/day of EPA plus DHA with no more than 2 g/day
from dietary supplementation.'®’

According to recent clinical trial for the general popula-
tion and those with DM, about 1 g/d of omega-3 fatty acids
reduced the risk of from CVD. A higher dose of omega-3
fatty acids (approximately 4 g/d of EPA and likely 4 g/d of
EPA+DHA, as well) is also an effective adjunct for cardio-
vascular treatment in those with high triglycerides who take
statins.''” According to one experimental study O-3 fatty
acids can be given in conjunction with metformin to
decrease triglyceride levels in diabetic dyslipidaemia. Two
grams of O-3 fatty acids were more effective than 1 gram of
omega-3 fatty acids in decreasing triglyceride levels.'"!

Based on results from REDUCE-IT, the addition of 4
g/d of EPA should be considered for statin-treated patients
who have cardiovascular disease or diabetes and elevated
triglycerides. But, the STRENGTH (Statin Residual Risk
Reduction with Epanova in High Risk Patients with
Hypertriglyceridemia) trial showed no benefit on cardio-
vascular event rates of a high-dose combination of EPA
and DHA and do not support use of this omega-3 fatty
acid formulation to reduce major adverse cardiovascular
events in high risk patients.''?

0O-3 PUFA supplementation is not suggested by the
American Heart Association (AHA) for the avoidance of
CVD in T2DM patients. However, for the secondary pre-
vention of CVD in the general population, the AHA con-
siders O-3 PUFA supplementation reasonable.”” AHA does
not recommend supplementation with O-3 PUFAs for indi-
viduals with T2DM to prevent coronary artery disease.''>''*
Furthermore, the ADA does not recommend O-3PUFA sup-
plements to treat or prevent CVD in patients with DM, even
though the consumption of foods containing O-3PUFAs is
recommended.''> The AHA recommends supplementation
for adults not eating enough oily fish.''®

In general, there are limited data on the use of O-3
PUFA supplementation among DM patients. However, for
clinical practice, evidence from the most current clinical
trials supports the recommendation to consume at least one
to two servings of fish/seafood per week, with additional
primary prevention benefits conferred by consuming ~1 g/
d of DHA and EPA.

Approaches to Enhance O-3PUFAs
Diet

Several strategies have been suggested to rise the intake of
0O-3 fatty acids in the body; including; (i) Increased con-
sumption of fatty fish and other O—3 PUFAs-rich foods,
(i1) Fortification of food products with fish oil or ALA,
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(i) Enhancement of O—3 PUFAs in animal products by
feeding O—3 PUFAs-rich diets, and (iv) Fortification of
0-3 PUFAs in oilseed crops by genetic engineering.''”

It has been demonstrated that feeding animals with
ALA-rich diet can increase the content of O—3PUFA in
animal-derived products. However, the magnitude of
increase in O—3PUFA content appears to be dependent
on the type of diet supplementation.”* For instance, two-
to five-fold higher DHA and EPA has been recorded in
breast and thigh meat of broilers fed with high ALA-rich
flaxseed oil for 6 weeks.!'® Moreover, O—3 PUFAs
enriched eggs produced by feeding laying hens with
a fish meal or canola/linseed oil are commercially viable
as a good source of O—3 PUFA.''®

FUFAs Metabolically engineered oilseed crops are also
beneficial to improve the content of O—3 FAs in seed oil.
They have certain advantages over conventional sources of
PUFAs. For example, pollution of marine ecosystems has
resulted in high accumulation of toxic dioxins, polychlori-
nated biphenyls, heavy metals, and organochlorine pesti-
cides in fish.""” Additionally, low content of n—3 PUFAs in
farmed fishes and wild fish stock are insufficient in order
to satisfy recommended EPA and DHA intake levels.
Thus, genetically modified crops can serve as future
sources of O—3 PUFAs.'?°

Enhancement of O—3 FAs in animal products by feed-
ing O—3 FAs rich diets or by genetic engineering fatty acid
biosynthetic pathways has revealed potential to improve
the content of O—3 PUFAs in the diet. However, these
strategies need to be fine-tuned. In addition, the releasing
and approval of genetically modified crops are challenging
due to social concerns.”

Fish oil dietary supplements are widely available and
commonly used by consumers; however, there are critical
distinctions between these dictary supplements and the
FDA-approved O-3PUFA drugs that can be obtained
only by prescription. Prescription O-3PUFA products are
highly purified, subject to quality control regulations, and
required to demonstrate both safety and efficacy in clinical
studies to achieve approval by the FDA.

In order to provide adequate PUFAs, the level of their
fortification into foods needs extensive consideration. At
least 0.5 g/d of O-3 PUFAs EPA and DHA are recom-
mended for daily consumption.'?' Dietary consumption of
0O-3 PUFAs via incorporation into foods is ultimately the
most effective mechanism of providing them to the aver-
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age consumer.

Future Directions

There is considerable evidence indicated that the con-
sumption of O-3 PUFA is associated with substantial
health benefits among DM patients. However, despite the
promising experimental investigations, currently, the clin-
ical evidence for the usage of omega-3 supplementation
for the management of DM and its complications is both
conflicting and inconsistent. Hence, further study is
required to ascertain the effects of O-3 PUFA supplemen-
tation in the management of diabetes.

Conclusion
Diabetes mellitus especially type 2 is a significant health
challenge with multiple associated comorbidities. Diet and
lifestyle factors are central to its prevention and control.
There are three types of Omega-3 fatty acids; those
include ALA which is derived from plant oils and EPA
and DHA which are derived primarily from fish oil.
There is limited clinical evidence that supports O-3
PUFA supplement use in DM management and so far,
there is no similar scientific guideline on the ideal O-3
PUFA intake. There are limited studies to draw exact
suggestions regarding dosage; duration and the interaction
of dosage O-3 PUFA intake and the available information
are inconsistent. Several strategies have been suggested to
raise the intake of O—3 fatty acids and dietary approach to
increase omega-3 fatty acid intake is preferable.
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