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P olyunsaturated fatty acids (PUFAs) include x-3 PUFAs
derived from plants or meat and x-6 PUFAs derived from

plants or marine life. Long-chain PUFAs include arachidonic
acid (x-6 PUFA) and docosahexaenoic acid, the latter 2 being
x-3 PUFAs. Long-chain x-3 PUFAs have been the focus of
experimental studies and clinical investigations in humans.
x-3 fatty acid supplementation has shown anti-inflammatory
and antithrombotic properties along with an improvement in
endothelial function.1 Clinical trials have also studied the
antihypertensive effects of x-3 fatty acids.2,3 Although it
remains debatable, a recent scientific advisory from the
American Heart Association concluded that the use of x-3
fatty acids is reasonable only for secondary prevention of
coronary heart disease and sudden cardiac death in patients
with prevalent coronary heart disease (Class IIa recommen-
dation, panel not reaching a consensus with some members
preferring a Class IIb recommendation).4

Effects of x-3 fatty acids on kidney function measures
have been studied in various types of kidney diseases: IgA
nephropathy, lupus nephritis, polycystic kidney disease, and
other glomerulonephritis.5-7 Secondary analysis of the Dia-
betes Control and Complications Trial and other observa-
tional data showed that higher dietary eicosapentaenoic acid

and docosahexaenoic acid consumption was associated with
lower risk of albuminuria among diabetics.8 A meta-analysis
examining the effects of x-3 fatty acids supplementation
suggested reduction in proteinuria among those with
diabetes mellitus but argued for larger studies given the
suboptimal quality of the studies included in the meta-
analysis.9 It is important to note that even a minimal
increase in urinary albumin excretion is associated with an
increased risk of kidney failure and cardiovascular disease
both in the general population and among those with kidney
disease, highlighting the need for studies targeting albumin-
uria as a risk factor.10

In a single-center study reported in this issue of JAHA,
Elajami et al randomized 262 subjects with stable coronary
artery disease to Lovaza� (a fish oil product that is a
combination of 1.86 g of eicosapentaenoic acid and 1.5 g of
docosahexaenoic acid) or no Lovaza (control).11 The primary
objective of this 12-month controlled clinical trial was to
assess the effects of Lovaza on the progression of fibrous and
calcified plaques in those with coronary artery disease. In a
secondary analysis, which was described in this article, the
investigators examined the effects of eicosapentaenoic acid
and docosahexaenoic acid on urinary albumin excretion after
1 year of therapy with Lovaza. Urinary albumin-to-creatinine
ratio (UACR) was measured in the morning spot urine sample
using immunoturbidimetric and calorimetric assays for urine
albumin and creatinine, respectively. Recruitment was
restricted to only those with body mass index >27 or 25 to
26.5 kg/m2 along with an increased waist circumference, as
these subjects are likely to have a higher inflammatory
burden. The investigators included only those patients with
creatinine clearance >60 mL/min using the Cockcroft-Gault
equation, and hence these study results are applicable to only
those with preserved kidney function. All participants were
taking aspirin and statin at the time of study entry. Mean age
of the study population was 63.3 years, and >80% were men.
Separate analyses were conducted among those with and
those without diabetes mellitus and those who were on and
not on angiotensin-converting enzyme inhibitors/angiotensin
receptor blockers.

At 1-year follow-up, in the analyses restricted to diabetic
subjects (n=79), those who were on Lovaza had no change in
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UACR, whereas the control group had an increase in UACR
(P=0.04). Among diabetics, change in UACR correlated with
the change in systolic blood pressure (r=0.394, P=0.01).
Similar results were noted when analyses were restricted to
those with diabetes mellitus on angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers (n=67).
Treatment with Lovaza improved serum triglyceride levels, but
no significant changes in HDL cholesterol were noted among
diabetics. Authors also stratified diabetic subjects based on
baseline UACR (<30, 30 to 300, and >300 lg/mg). Among
those with UACR <30 lg/mg, those receiving Lovaza had no
significant change in UACR, although the control group had an
increase in UACR. In the nondiabetic subjects UACR did not
change significantly in both groups, and no statistically
significant difference was noted between the study groups
(P=0.56). Treatment with Lovaza improved both serum
triglyceride levels and HDL cholesterol in those without
diabetes mellitus.

We commend the authors for the careful conduct of this
clinical trial in which they enrolled a high-risk population with
elevated inflammatory marker burden and focused on a key
surrogate end point of kidney disease progression, UACR.
Although it is encouraging to see the results of this clinical
trial for those who are at high risk of kidney disease
progression, some important limitations are worth discussing
so that the results can be interpreted appropriately. First, this
was an open-label trial with no placebo. Second, authors
conducted multiple comparisons, some of which were
prespecified, and did find a statistically significant difference
between those who were on Lovaza than those who were not
(P=0.04, among those with type 2 diabetes mellitus).
However, no correction was performed for multiple testing
using either Bonferroni adjustment or other methods.12

Hence, a false-positive study result cannot be totally
excluded, and at best, these results should be considered
hypothesis generating, arguing for larger, long-term studies.
Finally, the study enrolled predominantly men. In addition,
those with preexisting kidney disease were excluded, thereby
limiting its generalizability.

How do we explain the findings of this study? Diabetes
mellitus and hypertension raise intraglomerular pressure,
which leads to podocyte and tubular injury resulting in
albuminuria. If left unabated, this leads to persistent inflam-
mation, mesangial cell activation, and glomerulosclerosis,
which results in a decline in glomerular filtration rate (GFR).
Animal models suggest that the x-3 fatty acid supplementa-
tion prevents the development of diabetic kidney disease.13 In
experimental models, fish oil supplementation also lowers
inflammation and vascular stiffness with an improvement in
blood pressure. In the study by Elajami et al a correlation
between change in UACR and change in systolic blood
pressure was also noted. Given the small sample size, further

analyses were not conducted. It is worth noting that no
change in blood pressure was noted with Lovaza use.
However, based on the findings from previous trials on this
topic, apart from other factors, improvement in blood
pressure with x-3 fatty acid supplementation could have
contributed to the improvement in UACR.14

It is well known that albuminuria is a relevant and
modifiable cardiovascular risk factor. Recent work from the
Chronic Kidney Disease-Prognosis Consortium suggests that
even a minimal increase in urine albumin excretion (as low as
10 lg/mg) is associated with an increased risk of cardiovas-
cular disease, end-stage renal disease, and mortality.15 This
led to the reclassification of kidney disease by the Kidney
Disease: Improving Global Outcomes (KDIGO) Clinical Practice
Guideline based on the estimated GFR (eGFR) and UACR
rather than by eGFR alone. In this trial the authors note that
x-3 fatty acid supplementation improved UACR.11 Could this
improvement in UACR potentially lower cardiovascular event
incidence in this high-risk population? We can only speculate
that it could, but additional trials are warranted to examine
this.

For practitioners treating diabetic patients, apart from
cardiovascular disease, decline in GFR and end-stage renal
disease are important outcomes. Hence, it would be inter-
esting to see if the effects on UACR noted in this study would
translate to improvement in kidney function, ie, change in
GFR. Unfortunately, change in eGFR was not different
between the study groups. We believe that a 1-year follow-
up is not sufficient to study change in GFR. The Alpha Omega
trial (n=4837) examined the cardiovascular benefits of x-3
fatty acids in those with cardiovascular disease and did not
show any significant differences in cardiovascular outcomes
between those receiving x-3 fatty acids and those getting
placebo.16 In a secondary analysis of this trial, Hoogeveen
et al studied the effects of x-3 fatty acids on serum
creatinine-cystatin–based eGFR.17 After 40 months of fol-
low-up, decline in creatinine-cystatin C–based GFR was
2.1 mL/min per 1.73 m2 less among those receiving x-3
fatty acids compared with those receiving placebo. However,
other secondary end points such as incident chronic kidney
disease (eGFR <60 mL/min per 1.73 m2) or rapid decline in
kidney function (>3 mL/min per 1.73 m2) were not signifi-
cantly different between the study groups. UACR data were
not available for this study cohort. Considering the results of
the studies by Hooegeveen et al and Elajami and col-
leagues,11 we have some evidence suggesting that x-3 fatty
acids might impact both UACR and eGFR in those with
preserved kidney function. However, it is worth noting that
none of these trials was adequately powered to study these
clinically important metrics.

Among those with type 2 diabetes mellitus and albumin-
uria, angiotensin-converting enzyme inhibitors/angiotensin
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receptor blockers remain the standard of care. Recent studies
suggest potential benefits of other agents such as sodium-
glucose cotransporter 2 inhibitors and other agents in this
population.18,19 How does x-3 fish oil supplementation fit into
the treatment algorithm? Based on the data from previous
studies and in this trial, x-3 fatty acid supplementation seems
to offer some incremental renal benefits for high-risk type 2
diabetic patients who are on angiotensin-converting enzyme
inhibitors or angiotensin receptor blockers. However, further
studies are needed to confirm the impact of x-3 fatty acid
supplementation on albuminuria and to study whether x-3
fatty acid supplementation also slows down the progression
of kidney disease and delays the development of end-stage
renal disease. Because several studies have examined the use
of x-3 fatty acids in the general population, if relevant data
are available, investigative teams of these studies could also
examine the effects of x-3 fatty acids on decline in kidney
function. Until additional data become available, current
evidence does not justify the routine use of x-3 fatty acids in
clinical practice to preserve kidney function.

Disclosures
None.

References
1. Mozaffarian D, Wu JH. Omega-3 fatty acids and cardiovascular disease: effects

on risk factors, molecular pathways, and clinical events. J Am Coll Cardiol.
2011;58:2047–2067.

2. Shapiro H, Theilla M, Attal-Singer J, Singer P. Effects of polyunsaturated
fatty acid consumption in diabetic nephropathy. Nat Rev Nephrol. 2011;7:
110–121.

3. Casanova MA, Medeiros F, Trindade M, Cohen C, Oigman W, Neves MF.
Omega-3 fatty acids supplementation improves endothelial function and
arterial stiffness in hypertensive patients with hypertriglyceridemia and high
cardiovascular risk. J Am Soc Hypertens. 2017;11:10–19.

4. Siscovick DS, Barringer TA, Fretts AM, Wu JH, Lichtenstein AH, Costello RB,
Kris-Etherton PM, Jacobson TA, Engler MB, Alger HM, Appel LJ, Mozaffarian D;
American Heart Association Nutrition Committee of the Council on Lifestyle
and Cardiometabolic Health, Council on Epidemiology and Prevention, Council
on Cardiovascular Disease in the Young, Council on Cardiovascular and Stroke
Nursing, and Council on Clinical Cardiology. Omega-3 polyunsaturated fatty
acid (fish oil) supplementation and the prevention of clinical cardiovascular
disease: a science advisory from the American Heart Association. Circulation.
2017;135:e867–e884.

5. Fassett RG, Gobe GC, Peake JM, Coombes JS. Omega-3 polyunsaturated fatty
acids in the treatment of kidney disease. Am J Kidney Dis. 2010;56:728–
742.

6. Chou HH, Chiou YY, Hung PH, Chiang PC, Wang ST. Omega-3 fatty acids
ameliorate proteinuria but not renal function in IgA nephropathy: a
meta-analysis of randomized controlled trials. Nephron Clin Pract. 2012;121:
c30–c35.

7. Higashihara E, Nutahara K, Horie S, Muto S, Hosoya T, Hanaoka K, Tuchiya K,
Kamura K, Takaichi K, Ubara Y, Itomura M, Hamazaki T. The effect of
eicosapentaenoic acid on renal function and volume in patients with ADPKD.
Nephrol Dial Transplant. 2008;23:2847–2852.

8. Lee CC, Sharp SJ, Wexler DJ, Adler AI. Dietary intake of eicosapentaenoic and
docosahexaenoic acid and diabetic nephropathy: cohort analysis of the
Diabetes Control and Complications Trial. Diabetes Care. 2010;33:1454–
1456.

9. Miller ER III, Juraschek SP, Appel LJ, Madala M, Anderson CA, Bleys J, Guallar E.
The effect of n-3 long-chain polyunsaturated fatty acid supplementation on
urine protein excretion and kidney function: meta-analysis of clinical trials. Am
J Clin Nutr. 2009;89:1937–1945.

10. Chronic Kidney Disease Prognosis Consortium, Matsushita K, van der Velde M,
Astor BC, Woodward M, Levey AS, de Jong PE, Coresh J, Gansevoort RT.
Association of estimated glomerular filtration rate and albuminuria with all-
cause and cardiovascular mortality in general population cohorts: a collab-
orative meta-analysis. Lancet. 2010;375:2073–2081.

11. Elajami TK, Alfaddagh A, Lakshminarayan D, Soliman M, Chandani M, Welty
FK. Eicosapentaenoic and docosahexaenoic acids attenuate progression of
albuminuria in patients with type 2 diabetes mellitus and coronary artery
disease. J Am Heart Assoc. 2017;6:e004740. DOI: 10.1161/JAHA.116.
004740.

12. Bland JM, Altman DG. Multiple significance tests: the Bonferroni method. BMJ.
1995;310:70.

13. Garman JH, Mulroney S, Manigrasso M, Flynn E, Maric C. Omega-3 fatty acid
rich diet prevents diabetic renal disease. Am J Physiol Renal Physiol. 2009;296:
F306–F316.

14. Miller PE, Van Elswyk M, Alexander DD. Long-chain omega-3 fatty acids
eicosapentaenoic acid and docosahexaenoic acid and blood pressure: a meta-
analysis of randomized controlled trials. Am J Hypertens. 2014;27:885–896.

15. Matsushita K, Coresh J, Sang Y, Chalmers J, Fox C, Guallar E, Jafar T, Jassal SK,
Landman GW, Muntner P, Roderick P, Sairenchi T, Schottker B, Shankar A,
Shlipak M, Tonelli M, Townend J, van Zuilen A, Yamagishi K, Yamashita K,
Gansevoort R, Sarnak M, Warnock DG, Woodward M, Arnlov J; CKD Prognosis
Consortium. Estimated glomerular filtration rate and albuminuria for prediction
of cardiovascular outcomes: a collaborative meta-analysis of individual
participant data. Lancet Diabetes Endocrinol. 2015;3:514–525.

16. Kromhout D, Giltay EJ, Geleijnse JM; Alpha Omega Trial Group. n-3 fatty acids
and cardiovascular events after myocardial infarction. N Engl J Med.
2010;363:2015–2026.

17. Hoogeveen EK, Geleijnse JM, Kromhout D, Stijnen T, Gemen EF, Kusters R,
Giltay EJ. Effect of omega-3 fatty acids on kidney function after myocardial
infarction: the Alpha Omega Trial. Clin J Am Soc Nephrol. 2014;9:1676–1683.

18. Wanner C, Inzucchi SE, Lachin JM, Fitchett D, von Eynatten M, Mattheus M,
Johansen OE, Woerle HJ, Broedl UC, Zinman B; EMPA-REG OUTCOME
Investigators. Empagliflozin and progression of kidney disease in type 2
diabetes. N Engl J Med. 2016;375:323–334.

19. Walther CP, Whaley-Connell A, Navaneethan SD. Emerging therapeutic options
for managing diabetic kidney disease. Curr Opin Nephrol Hypertens. 2017;
DOI: 10.1097/mnh.0000000000000345. Available at: http://journals.lww.com/
co-nephrolhypertens/Citation/publishahead/Emerging_therapeutic_options_for_
managing_diabetic.99301.aspx. Accessed July 5, 2017.

Key Words: Editorials • clinical trial • fish oil • glomerular
filtration rate • kidney (diabetes) • microalbumin

DOI: 10.1161/JAHA.117.006020 Journal of the American Heart Association 3

Omega-3 Fatty Acids and Albuminuria Navaneethan and Virani
E
D
IT

O
R
IA

L

https://doi.org/10.1161/JAHA.116.004740
https://doi.org/10.1161/JAHA.116.004740
https://doi.org/10.1097/mnh.0000000000000345
http://journals.lww.com/co-nephrolhypertens/Citation/publishahead/Emerging_therapeutic_options_for_managing_diabetic.99301.aspx
http://journals.lww.com/co-nephrolhypertens/Citation/publishahead/Emerging_therapeutic_options_for_managing_diabetic.99301.aspx
http://journals.lww.com/co-nephrolhypertens/Citation/publishahead/Emerging_therapeutic_options_for_managing_diabetic.99301.aspx

