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Abstract

Background: Type 2 Diabetes Mellitus (T2DM) poses a significérealth and financial
burden to individuals and healthcare systems. O3egalyunsaturated fatty acids (PUFA)
possess numerous properties (e.g. anti-inflammatamyi-thrombotic, anti-lipidemic) that

may be beneficial in the management of T2DM andoatsplications.

Methods: In this narrative review, we discuss the potentigchanisms, clinical evidence-
base, and practical considerations regarding teeoi®mega-3 PUFA supplementation for
the management of glycaemic control and common doih@onditions, including diabetic
nephropathy and retinopathy, liver disease, cagmidnd mental health, and cardiometabolic

disease.

Results/Conclusion: Omega-3 PUFA supplementation is generally webitaied and does

not appear to be contraindicated for patients dic@gulant therapy; however, uncertainty
persists regarding the purity and stability of coenoal omega-3 PUFA products. Despite
promising animal studies, the current clinical evide for the use of omega-3
supplementation for the management of T2DM andaasal conditions is both limited and

conflicting. Results from existing clinical triatkd not support the use of omega-3 PUFA for
glycaemic control and there are limited studie§2DM populations to support the use of
omega-3 PUFAs for associated complications of deshePossible contributors to the
conflicting evidence base are study design isssiesh as inadequate intervention period,
sample size, omega 3 supplement dose, variationkeirEPA to DHA ratio and clinical

heterogeneity among diabetic populations.

Keywords. omega-3; diabetes; diabetes complications; mitsepplementation; review;
Abbreviations:

PUFA: Polyunsaturated Fatty Acid

HDL: High Density Lipoprotein

LDL: Low Density Lipoprotein

ALA: Alpha-linolenic Acid

EPA: Eicosapentaenoic Acid

DHA: Docosahexaenoic acid



DPA: Docosapentaenoic acid T2DM: Type 2 Diabeteflitie

RCT: Randomized Controlled Trial

HbAlc: Glycated haemoglobin VLDL: Very Low-Densitypoprotein
CVD: Cardiovascular Disease

TG: Triglycerides

ALT: Alanine transaminase

AST: Aspartate transaminase

GGT: Gamma-glutamyltransferase

CKD: Chronic Kidney Disease

UPE: Urine Protein Excretion
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I ntroduction

Type 2 diabetes mellitus (T2DM) is a highly inflamtary and pro-oxidant condition often
resulting in comorbidities that affect multiple lyodystems including large vessel diseases
such as cardiovascular disease, small vessel dssash as retinopathy, nephropathy, non-
alcoholic fatty liver disease, and conditions th#fect cognitive performance and mental
health®),

Despite public health efforts to curb this pervasohronic disease, it is currently estimated
that over 414 million people worldwide have T2DMlaby 2040, this number is projected to
rise to over 640 milliod”. T2DM has a high burden of disease; the directtihesre costs
relating to T2DM in Australia are estimated at $billion per annum and indirect costs,
including reduced productivity, absence from wonkl &arly retirement, are estimated at $14

billion per annunt®.

Consistent evidence from prospective cohort stuaineslarge primary prevention trials have
demonstrated the protective benefits of dietaryepas such as the Mediterranean diet, rich in
anti-inflammatory and antioxidant nutrients suchamsega-3 fatty acids, in prevention of

T2DM and its complication$™.

Omega-3 polyunsaturated fatty acids (PUFA) incledmsapentanoic acid (EPA, 20:5n-3)
and docosahexanoic acid (DHA, 22:6n-3), derivedanarily from fish and seafood, and
alpha-linoleic acid (ALA, 18:3n-3), from plant se@es, such as leafy greens, seeds,
particularly flaxseed/linseed, and nuts, primasimginuts “®. Long chain omega-3-PUFA
modulate inflammatory pathways by competing wite #mzymatic metabolism of omega-6
PUFA (arachidonic acid), which is converted to prlammatory eicosanoids such as
prostaglandins, thromboxane, and leukotridffesEPA is metabolised to the prostaglandins
(PGE3), thromboxanes (TXA3), and leukotrienes (L), Bthich exert anti-inflammatory and
anti-coagulant effect§'™. In addition to anti-inflammatory properties, orae PUFAs
possess several other potentially beneficial pt@ser including anti-lipidemic, anti-
hypertensive, and anti-coagulant actions, and thaye recently been demonstrated to
modulate gastrointestinal microbiot®. Furthermore, in animal studies, supplementation
with omega-3 PUFA improved insulin sensitisatiomgtgmtially via increased levels of

adiponectin, an emerging protective risk factod eeduced inflammatioft® **)

The aim of this narrative review is to evaluate tb#icacy of omega-3 PUFA

supplementation in the control of T2DM as well las &melioration of diabetic comorbidities
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such as diabetic retinopathy and nephropathy, @zadcular disease, cognitive and mental
health issues, and liver disease. Furthermore tipadcconsiderations regarding omega-3
PUFA supplementation including adherence, sympt@md,potential adverse effects will be
discussed.

Relevant studies were primarily retrieved from Pwoland Google Scholar search engines
using search terms related to each section of éhiew (e.g. diabetes, nephropathy) and
omega-3 PUFA (e.g. omega 3, EPA, DHA). A snowbaitegy was also used to retrieve
relevant studies from the reference lists of inetlidtudies. Due to the varied evidence-base
for each condition discussed in this review, aldgtdesigns were eligible for inclusion (e.g.
clinical trials, observational, animal studies); wswer, when extensive evidence was
available, RCTs were prioritised. Finally, due t8Aand DHA, derived from fish oil, being
the predominant long chain omega-3 PUFAs withinlitezature, all reference to omega-3
PUFA within this manuscript refers to fish oil-soed EPA and DHA unless otherwise

stated.
Omega-3 PUFA Supplementation and Glycaemic Control

Optimal glycaemic control is the cornerstone obétgs management. Based on the findings
of early epidemiological work suggesting an inverskationship between fish intake and
glucose intoleranceé'®, omega-3 PUFA supplementation was postulated tprdue
glycaemic control. Although the mechanisms invohaed still uncleat*®, animal models
have revealed the following potential mechanismmroved hepatic insulin sensitivify

via hepatic fatty acid oxidation and reducing lipngsis®® ' increased production of
adipocytokines such as adiponectin and letindirect'® and indiredt” anti-inflammatory
effects and associated improvements in insulinigeitg in the liver, muscle and adipose
tissue, and modulation of incretin hormones, wlaishinvolved in glucose-stimulated insulin

secretiorf??.

Despite the promising findings from animal studessly human trials reported that omega-3
PUFA supplementation was associated with deteadrgtycaemic control in T2DM patients
(2329 A recent meta-analysis of twenty RCTs with altofal209 T2DM patients reported
that there were no significant differences in meskaf glycaemic control, including fasting
blood glucose (19 of 20 studies included), posfgianplasma glucose (3 of 20 studies
included), fasting insulin (17 of 20 studies inctdyl and HbAlc (10 of 20 studies included)
with omega-3 PUFA supplementation (0.52 to 3.8%g/MPA and up to 3.69 g/day of DHA,

duration ranged 2-48 weeks) in comparison to congoups ®®. Subgroup analysis
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identified that duration of intervention (>8 week8, weeks), dose of EPA (<1.8 g/d&},.8
g/day), dose of DHA<1.0 g/day, >1.0 g/day) and the ratio of EPA/DHA fPHA<1.4,
1.4<EPA/DHA<1.5, EPA/DHA>1.5) were not associated with statadly significant
differences in glycaemic contr6P. Conversely, fasting blood glucose was mildly ézsed
in Asian (weighted mean difference: 0.419 mmol/I5%® CI. 0.058 to 0.781 mmol/L,
p=0.023) versus US/European populatidfd However, a recent review exploring the
impact of PUFA intake (interventions included figih, nut oil, Portulaca oleracea L. seed
and a fish-based diet) on glycaemic control in T2Pbpulations , concluded that PUFA
supplementation of 0.42-5.2 g/day for at least &ksemay benefit glycaemic control,
particularly in Asian population€®. Geographical disparities in the effects of om8ga-
PUFA supplementation have been previously reposddch may be explained in part by
genetic and/or lifestyle differenc&?.

The findings of Chen and colleagffésare comparable to an earlier Cochrane review of 23
randomised controlled trials with a total of 1078DM patients®®. The dose of omega-3
PUFAs in the included studies ranged from 1.08.2ogdday EPA and 0.3 to 4.8 g/day DHA,
with a mean total omega-3 PUFA dose of 3.5 g/d av@mweek to 8-month duration. Omega-
3 PUFA supplementation did not significantly altdbAlc (15 of 23 studies included),
fasting glucose (16 of 23 studies included) andirfgsinsulin levels (6 of 23 studies
included). Dietary intake of omega-3 PUFAs wascwitrolled for in the meta-analyses and
measures of insulin resistance were not includdte Meterogeneous nature of diabetic
populations and variation in trial durations furthénders the interpretation of findings. In
addition, the discussed meta-analyses reporteasimg insulin but the included studies did
not use gold standard measures of insulin sertgitisuch as the hyperinsulinemic-

euglycemic clamp technique.

The effects of omega-3 PUFA supplementation onlimsensitivity in people with T2DM
have also been summarised in a recent review (ERA/Bose not specified in the review,
duration ranged 2 weeks — 6 montff<). The majority of RCTs discussed in the paper
reported no change in insulin sensitivity with omey PUFA supplementatiofi”. The
remaining studies reported inconsistent resulth) wmega-3 PUFA supplementation found
to both decreasé” and improve® insulin sensitivity. The method used to measuseilin
sensitivity varied amongst studies and furtherititation regarding the effects of omega-3

PUFA supplementation on measures of insulin seiitgitire required®”.
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The effects of only docosapentaenoic acid (DPA52), an omega-3 PUFA found in red
meat and some seafood, has not been studied asigelyg as combined DHA and EPA due
to lower levels of DPA in fish oil and a previousck of concentrated DPA produéfé).
Recently, DPA supplementation was shown to be &ffedn reducing blood glucose levels
and improving homeostasis model assessment ofinngdistance (HOMA-IR) in a rodent
model 2. No human trials to our knowledge have investigatee effects of pure DPA
supplementation on the management of T2DM and adsdccomorbidities, representing a
gap in current knowledge.

Based on the available evidence in human trialssgaa8 PUFA supplementation to date
appears to have a negligible effect on insulin iseitg and markers of glycaemic control

including fasting glucose, HbAlc, fasting ins(ifn®¥ and postprandial plasma glucose .
Further research is required to ascertain the tsffet omega-3 PUFA supplementation on

glycaemic control in select ethnic groups and usiegyer formulations.

Cardiovascular Disease

Cardiovascular disease (CVD) is the most commorseaf morbidity and mortality in
people with T2DM®®). In Australia, 65% of all CVD deaths occur in pEopith T2DM or
pre-diabete<®®). Cardiovascular risk factors such as obesity, Hgpsion, dyslipidaemia,
chronic low grade inflammation and oxidative strass common in patients with T2Df"

37 Insulin resistance also has a direct biologidéct on the vascular system, including
micro- or macro-angiopathy, reduced blood flow,ip®eral arterial dysfunction, as well as
cardiomyocyte and endothelial cell dysfuncti&¥. Together, the high prevalence of
cardiovascular risk factors and the direct vascotemplications in diabetes increase the risk

of coronary artery blockage, chronic heart failanel stroke*” 3®

It is therefore important to
consider whether evidence supports a beneficiatetif omega-3 PUFA supplementation on

CVD risk factors and clinical end-points in the tet of T2DM.

The most commonly analysed CVD risk factors regaydhe effect of omega-3 PUFA are
plasma lipid levels. Three meta-analyses have tigaged lipid outcomes in studies of
T2DM. The most recent of these studies includedRBI's which tested EPA (0.52-3.899)
and DHA (0.48-3.69¢ ) over 2-48 weeks duratfoh The second meta-analysis included 23
trials which tested EPA (1.08-5.2g) and DHA (0.8¢).over 2-8 months duratidff. The
final meta-analysis included 18 RCTs which testétAH1.08-5.2g) and DHA (0.3-4.89)
over 3-24 weeks duratiof®. Each meta-analysis reported a significant mednatéon in
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triglycerides levels ranging from -0.24 mmol/L @56 mmol/L compared to control groups
(94D The pooled effect of omega-3 PUFAs on low-denéjtpprotein (LDL) and high-
density lipoprotein (HDL) cholesterol levels wapoeted in two of these meta-analy$&s
1) Both demonstrated a significant mean increadeDib cholesterol, of 0.21 mmol/L and
0.11 mmol/L, respectively, but had no effect on HiBlels. One meta-analysis did, however,
demonstrate a small but significant mean redudtiovery low-density lipoprotein (VLDL)
levels of 0.07 mmol/L compared to contf8!. Interestingly, subgroup analyses in these latter
two meta-analyses highlighted different effectsoafega-3 PUFA supplementation when
isolated to T2DM patients with hypertriglyceridemia one study, the triglyceride-lowering
effect and the elevation in LDL cholesterol werestnmarked in trials that recruited hyper-
triglyceridemic subjecté‘“”. In the other study, in hyper-triglyceridemic eatis alone, the
increase in LDL was no longer significant but tigngicant reduction in VLDL was seen in

these patienté?.

Whether omega-3 PUFAs can improve haemodynamior&ach diabetes is important to
consider as 60% of patients with T2DM have higtoblpressur€?. A meta-analysis of five
trials in T2DM found that omega-3 supplementatidn8{4g EPA,1.2-4g DHA, duration
ranged 4-6 weeks) compared to placebo significamttuced diastolic blood pressure by a
mean of 1.8 mmHd*; however, there was a non-significant reductiorsystolic blood
pressure and heart rate (assessed in two trialshofe recent trial in women with T2DM
demonstrated a significant mean reduction in bg#tosic (-5.4 mmHg) and diastolic (-
1.2mmHg) blood pressure with omega-3 PUFA suppl¢atiem (360mg EPA, 240mg DHA)
when compared to placebo after 8 welfds It has been proposed that the antagonist effects
of omega-3 PUFA on angiotensin Il receptors ar@arsible for its beneficial effect on

elevated blood pressuf®.

Due to their effect on satiety, fat oxidation, aadipogenesis, omega-3 PUFAs have also
been investigated for their effect on weight mamaget “®. However, a meta-analysis
(previously described with regards to lipids) répdromega-3 PUFA interventions had no
significant effect on body weight (9 trials pooleat) BMI (4 trials pooled) when compared
with control groups in patients with T2DR. These results did not differ when subgroups
for EPA/DHA dosage or study duration were analysede included study, conducted in
women only, reported that omega-3 PUFA (1.08 g ERPA2g DHA) supplementation had
no effect on body weight but significantly redudethl fat mass and subcutaneous adipocyte

diameter compared to placebo after 2-mofths
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One of the clear pathophysiological links betwe@®MW and the development of CVD is the
defective production of nitric oxide and concomitaise in oxidative stres$®. However,
studies investigating omega-3 PUFA interventiond muarkers of oxidative stress in humans
are spars&®. One study has specifically investigated the ¢ftfcomega-3 PUFAs (1.8 g
EPA, 1.5 g DHA) on redox balance in T2DM vivo ®. After 8-weeks, omega-3 PUFA
supplementation reduced 8-isoprostane and superdsietls in platelets from patients with
T2DM and hypertension, but not in patients with éigpnsion alone, without effect on nitrite
production.

Other risk factors which have been investigatedrmega-3 PUFA interventions of T2DM
are markers of vascular function. A meta-analys$isQotrials, conducted in both humans and
animals, concluded that omega-3 PUFA supplememntagignificantly improved arterial
stiffness, and this effect was despite no significananges in blood pressutd. The authors
proposed that reduced arterial stiffness relatechtmges in functional mechanisms such as
changes in aortic blood pressure and wave reflegtiowhich are distinct from brachial blood
pressure. Two of the reviewed trials were spedlficaonducted in patients with T2DM. One
study found that purified EPA (1.8 g) improved muisave velocity in large elastic (carotid)
arteries after 2-yedrd and the other demonstrated improved arterial ciameé, but no
effect on stroke volume or systemic vascular raaist with 6-weeks fish oil supplementation
(1.8 g EPA, 1.2 g DHAJ*®. Endothelial dysfunction is recognised as a majediator of
vascular disease associated with diab8f&sA recent paper reviewed the ability of omega-3
PUFAs to improve endothelial dysfunction in indivads with classic risk factors for
atherosclerosi€®. They concluded that omega-3 PUFAs improved emdiaihdysfunction
(as measured using flow mediated dilation, foredsmod flow, or peripheral arterial
tonometry) in 16 of 17 trials in individuals withyperlipidaemia, metabolic syndrome,
elevated BMI, or that smoked, but only in 2 of bidsés of patients with T2DM. The 5
studies in T2DM patients each tested effects of BR& DHA (total 1-4g), except one which
tested EPA (3.8g) versus DHA (3.79g), and their lonaranged between 4 to 12 weeks.

The evidence for prevention of clinical CVD with ega-3 supplementation has recently
been summarised in a review from the American Haasbciation (AHA)®®. The review
was limited to RCTs of supplementation with majbnical CVD end-points. Their review
located only one RCT that was designed to tesefieets of omega-3 PUFA supplements on
CVD end-points in patients with T2DM: the ORIGIN {@ome Reduction With Initial

Glargine Intervention) tril” which randomly assigned patients who were at higg for
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cardiovascular events and had pre-diabetes or T&Didceive 1 g of ethyl esters of omega-3
(465mg EPA, 375mg DHA) PUFAs (n=6281) or placebe6@b5) daily and to receive either
insulin glargine or standard care. After 6-yearo up they found no difference in
incidence of CVD deaths or major vascular eventswéen the omega-3 PUFA
supplementation and placebo groups. There is diyrem ongoing RCT in the United
Kingdom, ASCEND (A Study of Cardiovascular EvemsDiabetes), that seeks to examine
the effects of omega-3 PUFA supplements (1g etsigre, 0.41g EPA, 0.34g DHA daily) on
cardiovascular events among patients with T2DM #netfree of prior clinical CVIY®.

Other RCTs investigating the effect of omega-3 PUWufsplementation on CVD end-points
have performed sub-group analyses in patients W2ibM. One study found that in recent
myocardial infarction (MI) patients with T2DM thexgas no difference in sudden cardiac
death within 3-weeks of hospital stay between gsaamdomised to omega-3 PUFA (460mg
EPA, 380mg DHA) or placebo®. Conversely, in Japanese subjects with
hypercholesterolemia and impaired glucose metabdigpplementation with highly purified
EPA (300 mg) significantly reduced coronary artdisease incidence by 22% at 4.6 years
follow-up ©%. Another study, in a sub-group of patients post-with T2DM, found that
combined EPA (223mg), DHA (149mg) and ALA (1.9gpplementation resulted in lower
incidence of combined ventricular arrhythmia-refiatevents and fatal Ml compared to

placebo after 4-yeafsb.

Despite the substantial body of evidence that hasestigated omega-3 PUFA
supplementation on CVD risk factors within T2DM pigttions, the effect of omega-3
PUFAs on clinical CVD endpoints (e.g. mortality, D\évents) is currently unclear. Omega
3 PUFA supplementation is therefore not recommerimethe AHA for the prevention of
CVD in patients with T2DM®®. However, for the secondary prevention of CVD fe t
general population, the AHA considers omega-3 PWEpplementation reasonabf®. In
Australia, The National Heart Foundation recommeothbined EPA and DHA 1g/day
through 2-3 serves of oily fish per week, suppletmen enriched food/drinks, and ALA >2g
per day through foods for secondary prevention\6bD¢>?.

Non-alcoholic Fatty Liver Disease

Non-alcoholic fatty liver disease (NAFLD) is the stocommon liver disease globally,
affecting approximately 30% of the populatii). NAFLD is a progressive disease that
encompasses a spectrum of conditions ranging fromple steatosis, non-alcoholic

10
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steatohepatitis (NASH) and finally cirrhosf§). As the condition progresses, there is an
increase in hepatic steatosis, fibrosis, and inflaton. NAFLD is frequently referred to as
the hepatic manifestation of the metabolic syndr@me pre-diabetes, as they often coexist
with several other cardio-metabolic risk factd?s. The pathophysiological mechanism
which underpins NAFLD is insulin resistance ant itherefore, strongly associated with the
onset and presence of T2DIP. Increased concentrations of blood glucose spediifi
stimulate hepatic lipogenesis, promoting liverdigiccumulation leading to higher incidence
of NAFLD ©®. Thus, NAFLD is present in 70-90% of patients WitBDM and has been
recognised as an independent risk factor for caedicular disease in this patient grétfp®”

%), In addition, NAFLD is an independent risk facfor the development of T2Dff’ and
T2DM increases the risk of NAFLD patients furthevdloping cirrhosis or hepatocellular

carcinomd’?.

Omega-3 PUFAs lower hepatic lipids and attenuati@rimmation "' 72 These beneficial
effects are mediated through the regulation of tepgid metabolism, adipose tissue
function and through interfering with the arachiaoacid pathway of inflammation, reducing
hepatic triglyceride (TG) accumulatiod’®. Within hepatocytes, omega-3 PUFAs
downregulate gene expression of several genesviedah lipogenesis by inhibiting SREBP-
1c and upregulate lipid oxidation by activating FEAwhich facilitates fatty acid transfer
into the mitochondrid’™® "™ EPA and DHA have been shown to regulate a nurober
transcription factors that control critical compateeof hepatic fatty acid metabolisffi 7"
This includes attenuating the expression of trapscidinked to fibrosis such as collagen
subtypes, extracellular matrix remodelling, tissunb@ibitors of metalloproteases, matrix
metalloproteases, and lysyl oxida&és

The effect of omega-3 PUFA treatment in NAFLD hasently been summarised in four
meta-analyses of RCT€®Y. These meta-analyses assessed between threenanclinical
trials each with up to 591 patients. The mediaredfsomega-3 PUFA ranged from 0.83 to
9.0 g/day and the treatment duration ranged frotm 28 months. The distribution of EPA
and DHA was variable, with EPA ranging from 35-60B4]A from 23.9-250% and three
studies did not specify composition of EPA and DHAe results indicated that omega-3
PUFA treatment may improve markers of hepatic danagost of these parameters
measured were plasma markers of liver function.(&QT, AST and/or GGT). For
ultrasound-proven assessment of liver fat, a metdyais that included five studies was

conducted. There was significant heterogeneity miesebetween studies. Results indicated a

11
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significant pooled omega-3 PUFA therapy was eféector liver fat (OR = 3.60, 95% CI:
1.31 to 9.892? = 0.01)"?. It is of note, however, that limited NASH specifharkers were

assessed and thus, improvement in liver integatyanly be inferred.

Only one small (N=37), albeit double-blind randoetizplacebo-controlled clinical trial was
identified by these reviews that was conducted WFDND participants specifically with
T2DM. This study reported no improvement in measuoé NASH histology with the

treatment of omega-3 PUFA supplementation (2.164,B24g DHA) compared to placebo
(82)

The existing clinical research that has investigdte effect of omega-3 PUFAs in patients
with NAFLD and T2DM is limited by variability in oega-3 PUFA dosage and differing
EPA to DHA ratios. Due to the range of dosages lisatie current body of literature, the
relative superiority of either EPA and/or DHA topnove health outcomes in patients with
NAFLD is unclear. Furthermore, in participants WNAFLD, it is also important to quantify
the effect of omega-3 PUFA supplementation on hegétatosis and/or fibrosis to determine
the direct impact on liver specific outcomes.

Diabetic Nephropathy and Kidney-related Complications

Diabetic nephropathy is a common consequence of diabetes and chronic kidney disease
(CKD). Diet is an important modifiable risk factir CKD®) and diabetic nephropath3?.
While renal guidelines have many isolated nutrtargets, dietary fat targets are not common
features in renal best practice guideliffés®) This comes despite the fact that dietary fat
intake is approximately 40% of total energy intakeenal populations, with the majority of
that being from saturated f&{°%. The issue with this being that a diet high irusated fat
was shown to be associated with higher incidencellmiminuria® which is a common
complication of diabetic nephropathy and importamgk factor for kidney disease

progression.

Dietary omega-3 PUFAs have gained an interest inrDCidr their anti-inflammatory
properties, and potentially beneficial effects donod pressure, endothelial function, and
proteinured®® % In the general population (free from CKD), om&RUFA intake (0-31—
4-18g daily) has been shown to correlate with lokweidence of CKD®?. For people with
T2DM, the European Prospective Investigation of ¢@an(EPIC) study showed that
consuming at least two servings of fish per weekeled their risk of macroalbuminuii®).
Interestingly, this association was independentoofega-3 PUFA content of the fish

12
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consumed, where higher intake of fish both high lamdin omega-3 PUFAs was inversely
associated with macroalbuminuff&. However, this study did not quantify omega-3 PYFA
in their analysis, making conclusions on omega-3FR4& less reliable. In the CKD
population specifically, a 12-week intervention dtu showed omega-3 PUFA
supplementation (3.6 g daily) to reduce triglycerigvels, retard CKD progression, and

having the capacity to reduce inflammation and atfic stres§™.

Studies in diabetic nephropathy specifically angitied. Early rodent models suggest a higher
omega-3 PUFAs intake, particularly omega-3 PUFAgn(f fish oil), to reduce albuminuria
in diabetic nephropatf®? In human trials, however, the effects are far froomclusive,
likely owing to the short durations and small saengizes of current studié¥’. An early
study in patients with T2DM did not find any bendfir 12 month omega-3 PUFA (4.6g/day)
supplementation and albuminuria, kidney functiolmot pressure, and dyslipidaenifd.
Another similar trial supports this finding, howeyevhen the analysis was restricted to
people with diabetes who were taking renin—angmtersystem blocking medication,
albuminuria was significantly lower in the omeg&3FA intervention arm (4g/day; duration

6 weeks) compared to the placét’d

Notwithstanding the inconsistencies in the evidetwealate, a multitude of studies have
shown reductions in proteinuria/albuminuria follogi omega-3 PUFA (0.85g EPA,0.58g
DHA per day; duration 4 years) supplementationsCiKD complications®® % For
example, meta-analysis of trials in patients witlabdtic nephropathy, lupus, or IgA
nephropathy have suggested a greater reductiami@ protein excretion (UPE) after omega-
3 PUFA supplementation (dose range for EPA andADO0.7 to 5.1g/day; median follow-
up 9 months§*®?. These conclusions became less reliable, howexren the analysis was
restricted to studies involving only participant#hwdiabetes, who showed no significant
reduction in UPE!),

Currently, omega-3 PUFA supplementation should beotadvocated for preventing kidney
complications in diabetic nephropatf¥. The existing literature is limited by insufficien
study power, clinical heterogeneity among diabaticd CKD populations, and comparing
microalbuminuria with macroalbuminuria. Well desgnh and adequately powered
effectiveness trials are needed to confirm the thgms that omega-3 PUFA
supplementations is an effective strategy to comddhey complications in diabetic

nephropathy.
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Diabetic Retinopathy

Diabetic retinopathy is the most common microvascahd ocular complication of diabetes
and is a leading and increasing cause of preventagibn loss and blindness in the working-
age population *®¥. A growing body of evidence suggests omega-3 Idmajn

polyunsaturated fatty acids may have a role not ontetinal health, but also in some retinal

disease§® including diabetic retinopathy.

In the earliest animal study, the adverse effettermega-3 PUFAs in rats with diabetes
induced by streptozotocin, a compound toxic to peetic beta cells, were observed,
including increased formation of occluded retinagbilaries and no reduction in pericyte loss
(108) By contrast, another study reported that increpsévels of omega-3 PUFAs or their
bioactive metabolites reduced pathological angiegen (i.e. proliferative diabetic
retinopathy) in mice with diabeté¥”. Since Western diets often contain sub-optimatlev
of omega-3 PUFAs, supplementation was flagged asnpally beneficial in preventing
diabetic retinopathy'*®”. A subsequent study found a diet balanced in kitajp PUFAs
modified retinal lipid membranes in diabetic ratedaprevented rod photoreceptor
dysfunction *®®. Soon after, 5-Lipoxygenase metabolite 4-HDHA videntified as the
mediator of the anti-angiogenic effect of omegatB-R in a mouse model of proliferative
diabetic retinopathy*°®. The same research group expanded their animdifepative
diabetic retinopathy research to include retinalcfion in a mouse model of T2DM and
reported beneficial effects of dietary omega-3 PYBAd adverse effects of omega-6 PUFAs
on visual function in T2DM. These results suggeadididaemia in diabetes may negatively
impact vision®*?). Diabetic rats supplemented with a range of nuisieincluding omega-3
PUFAs, for 4 months prevented increased cell apoptm capillaries and other vascular

pathology, and attenuated diabetes-induced featfirdiabetic retinopath{?.

Although omega-3 PUFAs have a beneficial effecinimal models of diabetic retinopathy,
the clinical relevance of omega-3 PUFAs in humdmogathies is unclear, possibly due to
the paucity of human studies in this area. Anotte&rson for uncertainty may be that
circulating lipid levels need to be interpretedefally since they may be dependent on
fasting status and medication use, particularlyirsta independent of retinal disease or
diabetes statu&™. The first review of effects of omega-3 fatty acith eye health in humans
noted that, in a poorly-reported small study ofid8ividuals with diabetes supplemented

with 4g omega-3 fatty acids for 3 months, small iayements in some ill-defined proxy
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outcomes for diabetic retinopathy, such as funatigmetinal capillaries within 1 mm of the

field of vision’, were observef®),

In contrast, in a well-conducted prospective obsgional study in Spaift'®, older patients
with T2DM who consumed a background Mediterranest dnd had a dietary omega-3
PUFA intake equivalent to at least two weekly sagsi of oily fish had a significantly lower
risk of sight-threatening diabetic retinopathy tlthose who ate less than the recommended
amount. To determine the effect of baseline intakalifferent fats on the risk of 3,614
people, ages 55-80, with T2DM were enrolled in Brevencion con Dieta Mediterranea
(PREDIMED) study, which compared Mediterranean sdgipplemented with either extra-
virgin olive oil or nuts with a low-fat control die According to completed food
guestionnaires, 75% of participants adhered tagbemmendation of at least 500mg per day
of omega-3 PUFAs i.e. two servings of fatty fishekly. At six-year follow-up, those with
adequate omega-3 PUFA intake at baseline had ald®%r risk of developing diabetic
retinopathy compared to those with inadequate e@gakiowever, researchers cautioned
supplements would not necessarily yield the sanmefiie as dietary omega-3 PUFA as all
factors influencing diabetic retinopathy in pap@nts had not been accounted for. Clearly,
more human studies of the effects of diet and or3e§FAs on diabetic retinopathy in

different populations consuming a range of backgdodiets are warranted.

Mental Health and Cognition

Diabetes, cognitive problems, and mental disordars frequently comorbid, and
epidemiological evidence has demonstrated thavichaials with glucose intolerance, obesity,
and T2DM are at increased risk for brain disordgersh as cognitive problems, dementia or
depressior*™* ") Poor quality diets, such as Western style diggh n processed foods,
added sugar and saturated fat have been assoeitttethetabolic disease and obesity, which
in turn are known risk factors for poor cognitiondamental healtH*®*??) while the
underlying biological factors of this associatiore anot completely understood, there are
various neurological and peripheral mechanismsatehypothesized in this relationship. As
the primary energy source for the brain, glucosedmstasis and associated insulin signalling
are important to neural health and functith?. The poor glucose metabolism and impaired
insulin signalling that is typical of T2DM may besmciated with disrupted central nervous
system function and as well as atrophy of the hippwpus and neurodegeneratitid %)

Additionally, poor regulation of blood glucose iRDM may initiate acute changes in
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cerebral blood flow, microvascular changes, andredydation of the HPA axis and
subsequently, increase hippocampal exposure to oghuicoids *¥.  Further,
hyperglycaemia and insulin resistance have bedwdirwith inflammation and oxidative
stress, both of which have been identified asfaskors and potential mechanisms associated

with mood disorder&?> 126)

Omega-3 PUFAs are understood to have neuroproteefifects, and to promote healthy
brain function, cognition, and mood’*?® Omega-3 PUFA supplementation has been
associated with reductions in inflammation and atiice stress™**¥ Given that
overweight/obesity and glucose intolerance are rstded to contribute to inflammation,
omega-3 PUFA supplementation may counteract padphieflammation and oxidative
stress associated with T2DM*¥, and may also act as a protective buffer against
inflammation and dysregulated insulin activity, lbqgeripherally and in the braff® **°)
Further, meta-analyses of RCTs suggest that ome@af3A supplementation, particularly
formulations with a high EPA to DHA ratio, may befective against cognitive decline and
risk of mood disorder§®" %) Wwhile the effects of omega-3 PUFA supplementation
cognitive function and mental health have not beesll studied specifically among
populations with T2DM, the broader literature supipg the neuroprotective and anti-
inflammatory benefits of omega-3 PUFA supplemeatatsuggests that this may be a
beneficial strategy among people with T2D¥" %2 However, recent literature has
highlighted that individual characteristics, such lagh or low baseline inflammation (as
measured by interleukin-1ra, c-reactive proteind adiponectin), may predict treatment
response to omega-3 PUFAs and thus should be ewadicamong this populatioh*®.
Omega-3 PUFA supplementation, in combination witstyle modification (i.e. weight loss,
reduction of saturated fat intake) may offer a sk neuroprotective strategy in T2DM, and
this area warrants further investigation. While @amentation may not modulate glucose
metabolism or insulin function directly, it may rex the likelihood of comorbid psychiatric
or neurodegenerative conditions that may complidateetes treatment or prognosfé: 14

Practical Considerations of Omega-3 PUFA Supplementation

To inform clinical use of omega-3 PUFA supplemdntatn the diabetic population, relevant
practical issues need to be considered. These declpatient's attitudes towards
supplementation, the possibility of adverse evastles related to supplement purity, dose,

and cost of obtaining omega-3 PUFASs via supplentientaersus food.
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There is limited data on the use of omega-3 PUFppkmentation amongst populations
with diabetes. The overall reported use of compldarg and alternative medicine in
diabetic populations ranges from 17% to 7889 which is comparable to usage rates in the
general populatioft*” **® In the Freemantle Diabetes StUth?, up to 14% of patients with
T2DM indicated that they had previously taken fisllomega 3 supplementation. Manya et
al.*9 explored diabetic patients reasons for taking Erpentation and found that only 3%
of subjects currently using fish oil were doing'specifically to treat diabetes’. These results
suggest that while people living with T2DM do nobnzmonly use omega-3 PUFA

supplements, they are open to supplement use graen

Due to the increased risk of CVD associated wittDW2 patients with diabetes are
frequently prescribed anti-coagulant medicationshsas aspirin. It has been postulated that
omega-3 PUFA supplements and anticoagulant, andhyaettensive drugs are
contraindicated®?. Theoretically, bleeding could occur due to thé-tmrombotic properties
of EPA and DHA®?Y. However, a revieff*? examining the safety of omega-3 PUFA
supplements (0.03 — 1.86g EPA, 0.15-1.72 g DHAdasy, taken for 6 to 52 weeks) failed to
identify any severe adverse events (bleeding, deathising) that were likely to be
attributable to omega-3 PUFA use. A related reviwsafety considerations with omega-3
fatty acid therapy, concluded that there is lidledence that either ‘low—dose’ (<1g/day) or
‘high-dose’ (typically 5-6g/day) omega-3 supplenatian increase bleeding risks in patients
being treated with antiplatelet or anticoagulargrapies“®®. Likewise, an RCT assessing
fish oil supplementation (32% EPA; 23% DHA; dos@dgday or 6.1g/day) in high-risk
pregnancies found no evidence of increased riskdekerse events when the prophylactic
(2.7g/day) and therapeutic (6.1g/day) trial armsenmmpared to an olive oil control group
(153) While the existing evidence does not supportaimjcally significant risks of bleeding
with use of omega-3 PUFAs at standard doses, @l with bleeding disorders may
require additional monitoring and supervisior’. Congenital bleeding disorders occur in
approximately 1% of the population and are fregyamdiagnosed*>®.

Individuals commonly report gastrointestinal (Gfjrgptoms (especially eructation) with fish
oil use. Five of the 17 studies in the review bylavii et al™" reported on GI symptoms.
The prevalence of Gl symptoms ranged from 3 — 53@8urrence of Gl symptoms did not
appear to be affected by supplement dose or cotigosi he authors concluded that there is
unlikely to be differences in Gl disturbances betweomega-3 PUFAs and placebo

supplements (e.g. sunflower difj".
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Additional concerns specific to omega 3 PUFA supgetation relate to the stability and
purity of commercial supplement products. Due teirtHong chain chemical structure,
omega-3 PUFAs are prone to oxidation if expose@xoess heat and/or light. Improper
storage of commercial omega-3 PUFA supplements raaylt in oxidised products and
negate the potential beneficial health effects wipdementation. Two recent analyses of
several commercial fish oil products have providmuhflicting results with one analysis
finding few products met recommendations of oxmatmarkers while the other study
finding the opposité® ") Possible reasons for this conflict are due totype of analysis
and range of supplements tested. Furthermore, @tiget bioaccumulation of heavy metals
and organic pollutants in animal lipid reservesrimesources of omega-3 PUFAs (e.g. fish
oils) may contain significant levels of these commpds “°®. Previous studies that have
investigated the content of various pollutants arime omega-3 PUFAs have identified some
products that exceeded recommended intakes oftantkibut most products were below the

recommended level&? 159

The common therapeutic dosages for omega-3 raoge fr4g/day*®®. For reference, two
grams of omega-3 fatty acids can be obtained bggatound 100 g of Atlantic salmdtf®

or taking 2 to 10 fish oil capsules. For many indiials, these amounts are difficult to
achieve with food alone. While omega-3 supplemgarge in price, and fish oil supplements
with higher concentrations of EPA and DHA tend te more expensiv&®® '3 economic
analyses have demonstrated that, per mg, omegaF2& RBupplements are always cheaper
than food sources of omega®? * Accordingly, supplements represent a viable and
practical means of obtaining adequate omega-3 PURSwever, in the context of whole of
diet patterns (such as the Dietary Approaches ¢@ Stypertension [DASH] diet and the
Mediterranean diet), dietary sources of omega-3 AUsuch as fish and flax seeds also
contain a wide range of compounds including taurpayphenols, selenium, and fibre that
may provide unique health benefits. Furthermoregantrast to the use of omega-3 PUFA
supplements, consumption of a wholefood item richomega-3 PUFAs (e.g. fish) will
improve overall diet quality by displacing a pofafly low-nutrient density food iterft®
Therefore, whole food sources of omega-3 PUFAs lshioel encouraged and evidence-based

omega-3 supplementation should be seen as an atipynather than replacement for food.
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Futuredirections and conclusion

Despite promising animal studies, the current céhievidence for the use of omega-3
supplementation for the management of T2DM andaasal conditions is both limited and
conflicting. Currently, the clinical evidence domset support the use of omega-3 PUFA
supplementation for improving glycaemic control d@hdre is insufficient evidence to make
recommendations on the use of omega-3 PUFAs fdretd@anephropathy and retinopathy.
While there is promising evidence for the use ofega:3 supplementation for NAFLD-
related outcomes and mental health from non-diah®ipulations, there is limited clinical
evidence in diabetic populations to support its. Use discussed in detail in our recently
published review on the controversies in omega-E®8upplementation trialé®® possible
explanations for the conflicting evidence baseissaes with study design such as inadequate
intervention periods and sample size of studiesjequate dose of supplements, variations in
the ratio of EPA to DHA and clinical heterogene@éynong diabetic populations (e.qg.
evaluating diabetic nephropathy in patients wittcnmalbuminuria and macroalbuminuria).
Meta-analyses of RCTs suggest that omega-3 PUFAgféctive in reducing triglycerides
in T2DM. However, there is insufficient evidencesigpport the use of omega-3 PUFAs for
other CVD risk factors (e.g. oxidative stress) afidical endpoints in the T2DM context.
Although omega-3 supplementation appears to bergnevell-tolerated, clinicians should
consider issues regarding possible contraindicataanwell as oxidation and impurity issues
with some commercial products. Finally, omega-3 RlHtpplements are a cost-effective
method of achieving therapeutic doses. However, tuéhe beneficial effect of dietary
sources of omega-3 PUFAs in improving diet quakityd improving intake of other

beneficial nutrients, food sources of omega-3 PUsHAsuld be prioritised.
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Highlights

* T2DM isasignificant health burden with multiple associated comorbidities

* Therearelimited clinical data supporting omega-3 PUFA supplement usein T2DM
» Thereisconsistent evidence for omega-3 PUFA in reducing elevated triglycerides
* Issueswith omega-3 PUFA supplement use include safety, dose, and

contraindications
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