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Abstract: IgA nephropathy (IgAN) is the most prevalent glomerular disease in young adults
worldwide, while idiopathic nephrotic syndrome (INS) represents the most frequent mani-
festation of glomerular disease in childhood. Over the years, studies have speculated about
the potential benefits of omega-3 polyunsaturated fatty acids (PUFAs) in improving morbid-
ity in both forms of chronic kidney disease (CKD). The proposed mechanisms of action
include reduction of proteinuria and modulation of dyslipidemia. Although in vitro and in
vivo experimental studies report the suppressive effect of omega-3 PUFAs on inflammatory
pathways linked with the progression of nephropathy, the evidence supporting their bene-
ficial effect in IgAN and INS is still weak. Also, their ability to regulate levels of total
cholesterol, low-density lipoprotein-cholesterol (LDL-C), and triglycerides (TG) suggests
that they could delay both dyslipidemia-associated nephrotoxicity and atherosclerosis. Most
of the clinical trials that were conducted on their therapeutic benefits in IgAN patients
reported positive outcomes with low and high doses of omega-3 PUFAs. However, few of
the trials noted inconclusive findings, with low-quality evidence suggesting potential
improvements in surrogate renal function outcomes. If the beneficial effect of omega-3
PUFAs is predicated on their hypolipidemic action, much higher doses could be used in well-
designed randomized-controlled trials (RCTs) to determine if they could produce better renal
function outcomes and provide much stronger evidence of their therapeutic benefits in [gAN
and INS. However, the current hypothetical mechanisms of action in these forms of CKD
also include the effect of omega-3 PUFAs on renal inflammatory pathways and glomerular
proteinuria. Perhaps, the unresolved therapeutic efficacy of these fatty acids in [gAN and INS
suggests that their exact mechanisms of action are yet to be fully established. In this narrative
review, we aim to appraise the current evidence of their potential therapeutic benefits in these
diseases.

Keywords: IgA nephropathy, idiopathic nephrotic syndrome, omega-3 polyunsaturated fatty
acids, renal function, therapeutics

Introduction

IgA nephropathy (IgAN) is regarded as the most prevalent glomerular disease in
the second and third decades of life worldwide,'* while idiopathic nephrotic
syndrome (INS) represents the most frequent manifestation of glomerular disease
in childhood.® Childhood INS is usually caused by any of these glomerulonephri-
tides: minimal change nephropathy (MCN), focal segmental glomerulosclerosis
(FSGS), membranoproliferative glomerulonephritis (MPGN), membranous nephro-
pathy (MN) and mesangial proliferative glomerulonephritis (MesPGN).® Both
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FSGS and MCN are the prevalent histopathologic lesions
worldwide.> A previous report indicates that the latter is
the predominant lesion among preadolescent children in
developed countries.” Still, the prevalence of the former is
rising in childhood in both developed and developing
countries.*®'> Whereas the response of minimal-change
nephrotic syndrome (MCNS) to corticosteroids appears
predictable with a good prognosis, nephrotic syndrome
due to FSGS is largely steroid-resistant with a poor prog-
nosis, and may progress to end-stage kidney disease
(ESKD). Alternative immunosuppressive drugs are also
effective in FSGS.

Although IgAN was traditionally regarded as a single
disease entity characterized by IgA deposition in the glo-
merular mesangium, it is now seen as a “converging point”
for a diverse spectrum of endophenotypes and diseases
given the heterogeneity in clinical presentation, histo-
pathological response to IgA mesangial deposition and
genetic links of the disease.'> IgAN may present with
episodic macroscopic hematuria, acute kidney injury,
nephrotic syndrome and a mixed nephrotic and nephritic
picture. It runs a variable course which may progress and
terminate in ESKD. Clinicopathologic parameters which
can predict its poor prognosis include hypertension, ele-
vated serum creatinine, severe proteinuria, severe glomer-
ulosclerosis and interstitial fibrosis.'*'> Current treatment
options for IgAN are mainly supportive (tonsillectomy,
fish oil supplementation, dietary modification, renin-
angiotensin system blockade, etc.), but immunosuppres-
sive therapy is also an option in its management.'®

Supportive treatment of IgAN and INS with fish oil-
derived omega-3 polyunsaturated fatty acids (PUFAs) has
elicited scientific interest over the years as both forms of
CKD are associated with dyslipidemia. In- vitro and in-vivo
experimental studies indicate the suppressive effect of
omega-3 PUFAs on inflammatory pathways linked with the
progression of nephropathy.'” Specifically, they reduce albu-
minuria, prevent deterioration in renal function, and reduce
glomerulosclerosis and fibrin deposition in experimental ani-
mal models.'® Also, omega-3 PUFA can regulate the levels
of total cholesterol, low-density lipoprotein-cholesterol
(LDL-C), and triglycerides (TG) in nephrotic chronic kidney
disease (CKD)." Since CKD-related dyslipidemia may be
complicated by atherosclerosis and nephrotoxicity,20 omega-
3 PUFAs can also ameliorate CKD-related morbidity as well
as delay the atherosclerotic process. Besides, their use in
CKD-related dyslipidemia may obviate the need for hypoli-

21,22

pidemic intervention with statins. Recent studies and

guidelines'**?

underscore their potential benefits in IgAN
when low and high doses were used, although there are
conflicting results from some clinical trials.'® Thus, the use
of omega-3 PUFAs as a supportive therapy in IgAN remains
controversial. Nevertheless, their beneficial effect on lupus
nephritis has also been reported.* It is still unclear if much
higher doses of omega-3 PUFAs could result in better renal
function outcomes in patients with [gAN and INS given their
hypolipidemic action at low and high doses. In this narrative
review, we aim to appraise the current evidence of their

potential therapeutic benefits in IgAN and INS.

Dyslipidemia Patterns in Nephrotic
and Non-Nephrotic CKD

Given the possible modulatory action of omega-3 PUFAs
on lipid profile,'? it is essential to appraise the changes that
occur in lipid levels in nephrotic and non-nephrotic CKD.
Persistent hyperlipidemia for prolonged periods is nephro-
toxic and may result in chronic progressive glomerular and
tubulointerstitial injury. Effective management of hyperlipi-
demia with hydroxyl-methyl-glutaryl-coenzyme A (HMG-
CoA) reductase inhibitors (statins) and recently with LDL
apheresis in drug-resistant INS patients may prevent the
progression of renal disease and, sometimes, resolution of
INS
alone or hypercholesterolemia with hypertriglyceridemia

symptoms. Hyperlipidemia (hypercholesterolemia
[HTG]) is a fundamental component of INS. Elevated levels
of LDL-C (hypercholesterolemia) frequently occur in the
syndrome. There are two mechanisms involved in nephrotic
dyslipidemia: hepatic overproduction and deranged catabo-
lism of apolipoprotein B (apo B)-containing lipoproteins.*®
The mechanisms differ in INS patients with hypercholester-
olemia alone and those with hypercholesterolemia and HTG
(combined hyperlipidemia). The prospective comparative
study by Vega et al found that INS patients with hyperch-
olesterolemia generally had lower fractional catabolic rates
of LDL apo B than normolipidemic healthy controls.*®
These patients also had cholesterol-rich LDL particles
with no overproduction of LDL apo B. In contrast, NS
patients with combined hyperlipidemia had high fractional
catabolic rates for LDL apo B compared to normolipidemic
controls and cholesterol-poor LDL particles as well as
markedly increased production rates for LDL.*® These
observations suggest a clear difference in the metabolism
of LDL between the two forms of nephrotic dyslipidemia.
Also, there is a reduction in the catabolism of chylomicrons
and VLDL in INS patients, which may equally explain the
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abnormalities in their lipid profile.’” The dyslipidemia pat-
terns in patients with CKD vary with the different types of
the disease. For instance, in nephrotic CKD, HDL-C is
reduced whereas LDL-C and TG are markedly increased
(very high triglyceride [VHTG]).*® In non-nephrotic CKD,
HDL-C is decreased, LDL- C is normal or increased, while
TG is high (HTG).*®

HTG levels (200499 mg/dl), reduced HDL-C, and
varying concentrations of LDL-C are generally character-
istic of CKD-related dyslipidemia.*® Although dyslipide-
mia is usually the traditional risk factor for CVD,*
dyslipidemia secondary to CKD is an independent risk
factor for atherosclerosis.*! Shoji et al reported that mod-
erate CKD and ESKD in children specifically disrupt the
vaso-protective functions of HDL-C.*? Thus, nephrotic
dyslipidemia (reduced HDL-C, increased LDL-C and
VHTG [>500 mg/dL]), results in nephrotoxicity and
endothelial dysfunction. Endothelial dysfunction initiates
the early development of atherosclerosis with subsequent
formation of atherosclerotic plaques.*

Omega-3 PUFAs and Their
Potential Therapeutic Role in

Nephrotic CKD

Omega-3 PUFAs from dietary fish oil and other sources
play a vital role in human physiology.>* Three types of
omega-3 PUFAs are involved in human physiology,
namely a-linolenic acid (from plant oils) and eicosapen-
taenoic acid (EPA) and docosahexaenoic acid (DHA)
(commonly from marine oils). The therapeutic effect of
omega-3 PUFAs in some renal diseases has remained
a subject of speculation. While some studies indicate that
supplementation with omega-3 PUFAs is not associated

3536 other authors

with a lower risk of all-cause mortality
report that omega-3 PUFAs can slow down the progression
of renal diseases in human subjects and animal models.*’
For instance, omega-3 PUFAs can delay the progression of

IgA nephropathy,®®*°

and can reduce proteinuria and
attenuate renal injury in lupus nephritis, FSGS, and MN
in experimental animal models.*'* These fatty acids can
also regulate hyperlipidemia in murine models of FSGS.**
With the nephrotoxicity associated with prolonged hyper-
lipidemia; the hypolipidemic effect of omega-3 PUFAs
underscores their potential therapeutic benefits in FSGS.
Interestingly, LDL apheresis has been used increasingly in
clinical practice for the treatment of renal diseases pre-

senting with nephrotic syndrome, particularly FSGS.**

A very recent study also reported induction of remission
of FSGS recurrence in pediatric renal-transplant recipients
following LDL apheresis.*> These findings suggest that
supportive therapy with omega-3 PUFAs which regulates
hyperlipidemia in nephrotic CKD may delay disease pro-
gression by reducing the associated nephrotoxicity.

The mechanism of action of omega-3 PUFAs in renal
diseases may, however, be the competitive action of EPA
and DHA against arachidonic acid (AA), which produces
biologically less-effective prostaglandins and leukotrienes;
these may slow down renal injury by reducing glomerular
and interstitial inflammation, platelet aggregation and
vasoconstriction.*® Specifically, omega-3 PUFAs (ie, EPA
and DHA) can reduce biomarkers of inflammation such as
C-reactive protein (CRP), interleukin-6 (IL-6) and tumor
necrosis factor-o. (TNF-a).*”*° Thus, they exert anti—
inflammatory action in renal diseases, improve their mor-
bidity, and delay their progression, as was reported by
some authors.'’

Some authors suggest that omega-3 PUFAs physiolo-
gically reduce blood TG levels but do not significantly
alter LDL-C and HDL-C levels.’>*' Conversely, a recent
review reports that they regulate levels of total cholesterol,
LDL-C, and TG: especially at the ratio of 3:1 for EPA and
DHA.*>? Currently, the use of omega-3 PUFAs appears to
be limited to the regulation of TG levels. In the recent
recommendations from the American Heart Association
(AHA), prescription of omega-3PUFAs at a dose of 4 g/d
has consistently resulted in significant reductions in TG
levels in patients with HTG or VHTG.>* In fact, omega-3
PUFAs (EPA+DHA or EPA-only) at a dose of 4 g/d (>3 g/
d total EPA+DHA) have been suggested as an effective
and safe monotherapy for reducing TG levels or as an
adjunct to other hypolipidemic agents.>® Also, their ability
to reduce glomerulosclerosis by anti—inflammatory action
may retard the evolution of CKD to ESKD (Figure 1).

Finally, Grande et al concluded from their recent trials
in animal models that omega-3 PUFA supplementation
(particularly DHA) inhibits mesangial cell activation and
proliferation in glomerulonephritis, reduces proteinuria
and decreases histopathologic evidence of glomerular
damage.>* They, therefore, suggested that DHA may
have a suppressive effect in acute phases or relapses of
glomerulonephritides by blocking the activation and pro-
liferation of mesangial cells.>* Similarly, studies in murine
models show that omega-3 PUFAs could suppress IL-
6-induced production of abnormal IgA and deposition of

55,56

IgA immune complexes in the mesangium, a finding
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Figure | Possible therapeutic targets of omega-3 polyunsaturated fatty acids in idiopathic nephrotic syndrome and IgA nephropathy.
Notes: |HDL-C, reduced high-density lipoprotein-cholesterol 11LDL-C, markedly increased low-density lipoprotein-cholesterol 11TG, markedly increased triglyceride.
Abbreviations: CVD, cardiovascular disease ESKD, end-stage kidney disease PUFA, polyunsaturated fatty acids EPA, eicosapentaenoic acid DHA, docosahexaenoic acid

INS, idiopathic nephrotic syndrome IgAN, IgA nephropathy.

which has been demonstrated in clinical trials involving
human subjects with I[gAN.

Clinical Trials of Omega-3 PUFAs in
IgAN with Conclusive Results

As far back as three decades ago, clinical trials of omega-3
PUFAs in patients with IgAN had been conducted. In the
randomized controlled trial (RCT) by Hamazaki et al,”’
twenty patients with IgAN were evaluated. Ten received
omega-3 PUFAs in the ratio of EPA (1.6 gram) and DHA
(1 gram), while another ten who were used as controls
were not given the fish-oil supplements. The patients were
followed up for one year. The clinical outcomes showed
that renal function improved in these patients.

A similar study by Alexopoulos et al administered
a “very low dose” of PUFAs (0.85 gram EPA and 0.57

gram DHA) in fourteen patients with severe IgAN, while
fourteen who served as controls received symptomatic
treatment.”® Subjects were followed up for a more
extended period of four years. The primary end-points
used were an elevation of > 50% in serum creatinine or
a reduction of > 50% in glomerular filtration rate (GFR) at
the end of the study. There were statistically significant
differences between the number of PUFA-treated and non-
treated patients who had an increase of > 50% in serum
creatinine and between the number of both groups of
patients whose GFR decreased by > 50%. Thus,
a minimal dose of PUFA was equally effective in retarding
the deterioration in renal function among high-risk
patients with IgAN, especially those with advanced renal
disease.®

A group of Polish investigators also reported improve-
ment in renal function (especially glomerular and tubular
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functions) as well as a reduction in the degree of protei-
nuria in patients with IgAN.>® The study assessed patients
after one year of treatment with daily 0.54 gram EPA and
0.81 gram DHA. Again, the findings indicate the efficacy
of “very low dose” of omega-3 PUFAs in improving dis-
ease morbidity.

In two collaborative RCTs,>%*°

the suppressive effect
of omega-3 PUFAs on the deterioration of renal function
in IgAN patients was again demonstrated by Donadio et al.
At the end of a 2-year daily treatment with 1.8 gram EPA
and 1.2 gram DHA, the authors found that early and
prolonged treatment with fish oil retarded disease progres-
sion for high-risk patients with IgAN. Specifically, disease
course was substantially suppressed with the combination
of DHA and EPA, particularly in patients who had nephro-
tic-range proteinuria, hypertension, and elevated serum
creatinine.”® After a follow-up for over six years, reduc-
tion in the rate of decline in GFR and disease progression
to ESKD were observed, although proteinuria was not
significantly reduced.** Remarkably, when low-dose
omega-3 PUFAs (EPA 1.88 gram + DHA 1.47 gram/day)
and high-dose omega-3 PUFAs (EPA 3.76 gram + DHA
2.94 gram/day) were administered, similar outcomes were
documented.®

On the other hand, other investigators reported
a substantial reduction of proteinuria in fifteen IgAN
patients given omega-3 PUFAs for fifteen months.®!
These patients had also been treated with renin-
angiotensin system blockers (RASB). However, no reduc-
tion in proteinuria was seen in the control group who
received only RASB. These outcomes suggest that
omega-3 PUFAs could reduce IgAN-associated proteinuria
without synergy with the renin-angiotensin system.

Clinical Trials of Omega-3 PUFAs in

IgAN with Inconclusive Results
Despite the substantial evidence above establishing the
therapeutic benefit of omega-3 PUFAs in human IgAN,
few other clinical trials failed to document similar results.
For instance, in a much earlier Australian study by Bennett
and colleagues,®” daily 10 gram EPA did not alter the
progression of disease in 37 biopsy-proven IgAN patients
compared to the outcome in the untreated control.
Similarly, the clinical trial by Pettersson et al used fish
oil containing a high dose of omega-3 PUFAs (6 gram/day;
EPA 55%, DHA 30%) in the treatment of adult subjects
with IgAN for six months. The results showed no

therapeutic benefit in these patients over their counterparts
in the control group who were treated with 6-gram corn oil
per day for the same time duration.®®

Finally, in an RCT by Hogg et al, 4 gram omega-3
PUFAs (1.88 gram EPA + 1.48 gram DHA) or placebo
was added to oral steroid (prednisolone) and administered
to 96 subjects with IgAN for two years.®* A comparison of
the omega 3-PUFA-treated group with the placebo group
showed that neither of the interventions slowed the dete-
rioration in renal function. Thus, it would appear the
beneficial effect of omega-3 PUFAs might not be dose-
related given that these preceding studies used high and
low doses of the fatty acids resulting in disparate

outcomes.

Clinical Trials of Omega-3 PUFAs in
IgAN and INS: Evidence from
Systematic Reviews and

Meta-Analyses
Despite the basis for the clinical benefits of omega-3 PUFAs
in IgAN and INS, both anecdotal and published evidence
show conflicting findings of their usefulness in these dis-
eases. A recent report summarizing the published evidence
on the subject underscores the controversial nature of their
recommendation in these forms of CKD (Table 1). In this
report, four systematic reviews and two non-randomized
studies about the clinical effectiveness of omega-3 PUFA
supplementation in reducing proteinuria in patients with
IgAN or idiopathic steroid-resistant nephrotic syndrome
(SRNS) were identified.®® In an evidence-based clinical prac-
tice guideline recommended for IgAN in 2014, it was sug-
gested that the use of omega-3 PUFAs may improve renal
outcomes in patients with IgAN. Thus, they may be consid-
ered as a therapeutic option despite the fact that only a weak
scientific basis exists for their recommendation.®®

Firstly, the meta-analysis by Chou et al reviewed five
randomized-controlled trials (RCTs) with a total of 233
patients.®” The authors evaluated the therapeutic efficacy
of omega-3 PUFAs in IgA nephropathy by determining
their dose-effect relationships on renal function and pro-
teinuria. The significant findings were the absence of effect
on glomerular filtration rate (GFR) but a substantial reduc-
tion in proteinuria in a non-dose dependent fashion. The
authors concluded that omega-3 PUFAs had no impact in
preserving renal function in IgA nephropathy even though

proteinuria was reduced.®’
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Table | Summary of Findings from Published Systematic Reviews and Meta-Analysis on the Therapeutic Benefits of Omega-3

Polyunsaturated Fatty Acids in IgA Nephropathy and Idiopathic Nephrotic Syndrome

Authors (Year), | Types and Population Intervention Outcome Major Findings
Country Numbers of Characteristics and Parameters
Included Sample Size
Primary Studies
Chou et al®” RCT (n =5) Patients with IgA Omega-3 PUFA -Renal function (GFR) | -No effect on renal function
(2012), Taiwan nephropathy, treatment -Proteinuria -Significant reduction in
n =233 proteinuria
Reid et al®® RCT (n = 56% & Adult and pediatric Non- -Progression or -Anti-hypertensive drugs
(2011), Australia, n = 7H) patients with biopsy- immunosuppressive | improvement in renal | (ACEIs/ARBs) reduced
the US, Italy, and proven IgA therapy including disease proteinuria (a surrogate
Sweden nephropathy, fish oil -All-cause mortality outcome)
n = 2838 -All-cause mortality
unaffected
Miller et al®’ RCT (n =4) Adult patients of any Omega-3 PUFA -Renal function (GFR) | -Reduction in urine protein
(2009), Spain, US & non-RCT age with IgA supplementation -Renal damage (urine excretion but no
n=1) nephropathy, n = 6268 protein excretion) improvement in GFR
Colquitt et al”® SR (n = 2)* Children (n = 5) with | Omega-3 PUFA -Renal function (urine | - No statistically significant
(2007), UK RCT (n = 11)** idiopathic SRNS supplementation protein, creatinine improvements in
(FSGS, MPGN)- all (tuna fish oil) clearance, serum proteinuria, creatinine
either malnourished creatinine) clearance, serum creatinine
or stunted -Lipid profile or lipid profile compared
(triglycerides, total with placebo
cholesterol, HDL,
LDL)

Notes: fPatients of any age; *otal studies on non-immunosuppressive therapy; Hstudies for fish oil therapy; SNumber of participants in the seventeen trials included in the
meta-analysis (of which only five trials focused on patients with IgA nephropathy); *Systematic reviews assessed alternative immunosuppressive therapies; **Only one study

was on fish oil.

Abbreviations: RCT, randomized-controlled trials SR, systematic review PUFA, polyunsaturated fatty acids GFR, glomerular filtration rate ACEls, angiotensin-converting
enzyme inhibitors ARBs, angiotensin receptor blockers SRNS, steroid-resistant nephrotic syndrome FSGS, focal segmental glomerulosclerosis MPGN, membranoprolifera-

tive glomerulonephritis HDL, high-density lipoprotein LDL, low-density lipoprotein.

Secondly, Reid et al reviewed a total of 56 RCTs on the use
of non-immunosuppressive therapy for IgA nephropathy (7
RCTs focused on the use of fish oils).°® The outcome para-
meters that were assessed consisted of progression or improve-
ment in renal disease (using proteinuria as a surrogate
outcome) as well as all-cause mortality. Anti-hypertensive
drugs - especially angiotensin-converting enzyme inhibitors
(ACElIs) and angiotensin-receptor blockers (ARBs) - reduced
proteinuria but the all-cause mortality was not affected.

Thirdly, Miller et al evaluated 17 trials in their meta-
analysis, but only five of them (4 RCTs and one non-
RCTs) were conducted on patients with IgAN.®
Following the use of omega-3 PUFA supplementation,
renal function (GFR) and renal damage (urine protein
excretion) were the outcome parameters assessed by the
authors. There was a reduction in urine protein excretion
but no improvement in the GFR. Finally, in the meta-

analytical study by Colquitt et al, two systematic reviews
and eleven RCTs were evaluated.”’ However, only one of
the RCTs focused on the use of fish oil (tuna fish oil) in
children with idiopathic SRNS (FSGS and MPGN). In
assessing the efficacy of omega-3 PUFA supplementation,
the trial evaluated renal function (urine protein, creatinine
clearance, serum creatinine) and lipid profile (TGs, total
cholesterol, HDL. LDL) of the patients. Interestingly, there
were no statistically significant improvements in protei-
nuria, creatinine clearance, and serum creatinine as well as
lipid profile when compared with the use of placebo.

Conclusions

Presently, there is little scientific evidence to recommend
the use of omega-3 PUFAs in the supportive treatment of
IgAN and INS. Most of the clinical trials were conducted
on their benefits in IgAN patients in whom high and low
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