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OBJECTIVEdLong-chain n-3 polyunsaturated fatty acid (n-3 PUFA) supplements may have
renoprotective effects in patients with diabetes, but previous trials have been inconsistent. We
performed a randomized controlled trial of n-3 PUFA supplementation on urine albumin excre-
tion and markers of kidney injury in adults with type 2 diabetes.

RESEARCHDESIGNANDMETHODSdWeconducted a randomized, placebo-controlled,
two-period crossover trial to test the effects of 4 g/day of n-3 PUFA supplementation on markers of
glomerular filtration and kidney injury in adults with adult-onset diabetes and greater than or equal
to trace amounts of proteinuria. Each period lasted 6weeks andwas separated by a 2-weekwashout.
The main outcome was urine albumin excretion and, secondarily, markers of kidney injury (kidney
injury molecule-1, N-acetyl b-D-glucosaminidase [NAG], neutrophil gelatinase-associated lipocalin
[NGAL], and liver fatty acid–binding protein [LFABP]), serummarkers of kidney function (cystatin
C, b2-microglobulin, and creatinine), and estimated glomerular filtration rate (eGFR).

RESULTSdOf the 31 participants, 29 finished both periods. A total of 55% were male, and
61% were African American; mean age was 67 years. At baseline, mean BMI was 31.6 kg/m2,
median eGFRwas 76.9 mL/min/1.73m2, andmedian 24-h urine albumin excretion was 161mg/
day. Compared with placebo, n-3 PUFA had nonsignificant effects on urine albumin excretion
(27.2%; 95%CI220.6 to 8.5; P = 0.35) and significant effects on urine NGAL excretion (216%
[229.1 to20.5%]; P = 0.04). There was no effect on serummarkers of kidney function or eGFR.
In subgroup analyses, there were significant decreases in 24-h urinary excretion of albumin, NGAL,
LFABP, and NAG among participants taking medications that block the renin-angiotensin-
aldosterone system (RAAS).

CONCLUSIONSdThese results suggest a potential effect of n-3 PUFA supplementation on
markers of kidney injury in patients with diabetes and early evidence of kidney disease. In the
context of prior studies, these results provide a strong rationale for long-term trials of n-3 PUFA
on chronic kidney disease progression.
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D iabetes is a leading cause of chronic
kidney disease (CKD) (1). Treat-
ments to slow the progression of

CKD in diabetes include blocking the

renin-angiotensin-aldosterone system
(RAAS), implementing lower blood pres-
sure (BP) treatment goals, and treating hy-
perglycemia (2). These therapies can also

reduce urine protein excretion, a marker
of disease severity. Indeed, maximal re-
duction of urine protein excretion has
been proposed as a goal of drug therapy
(3). Long-chain n-3 polyunsaturated fatty
acid (n-3 PUFA) supplements may im-
prove endothelial function, lower BP, and
have independent antiproteinuric effects
(4). However, evidence of benefit from
supplementation with n-3 PUFA on urine
protein excretion in the setting of diabetic
kidney disease is inconsistent (5–11).

New markers of kidney function and
injury hold considerable promise as ameans
to evaluate the potential benefits of therapies
designed to retard the progression of CKD.
Biomarkers of tubulointerstitial kidney
damage, including kidney injury molecule-
1 (KIM-1), N-acetyl b-D-glucosaminidase
(NAG), neutrophil gelatinase-associated
lipocalin (NGAL), and liver fatty acid–
binding protein (LFABP) may have
greater sensitivity for identifying effects
on kidney injury than total urine protein
or albumin excretion, which reflect both
kidney injury and hemodynamic effects
(12,13). Novel serum markers, including
b2-microglobulin and cystatinC,maypro-
vide greater sensitivity for determining
short-term effects of therapies on estimated
glomerular filtration rate (eGFR) than tra-
ditional markers of filtration. These new
markers of kidney function and injury
might be especially useful in guiding the
design of subsequent long-term trials.

In this context, we conducted a ran-
domized, controlled crossover trial to
evaluate the efficacy of n-3 PUFA supple-
ments on improving markers of kidney
injury and function in adults with adult-
onset diabetes and greater than or equal to
trace amounts of proteinuria.

RESEARCH DESIGN AND
METHODS

Study design and study population
This study was a single-center, random-
ized, controlled two-period crossover
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trial of n-3 PUFA supplements versus
placebo (corn oil) supplements. Each
period lasted 6 weeks. Participants were
recruited at the Johns Hopkins ProHealth
clinic, a community-based research clinic
in Baltimore, MD. The primary recruit-
ment process was mass mailings of invi-
tations to persons with self-reported type
2 diabetes. Study brochures were mailed
to zip codes near Johns Hopkins Pro-
Health. Participants underwent two
screening visits to determine eligibility
prior to enrollment.

Inclusion criteria were a self-reported
diagnosis of diabetes, either treated with
oral medication(s) or diet-controlled; age
.21 years; an average systolic BP (SBP)
,150mmHg and diastolic BP (DBP),90
mmHg during two screening visits; and a
quantified level of proteinuria greater
than or equal to trace but ,4+ on urine
dipstick analysis during screening. If par-
ticipants were taking antihypertensive,
hypoglycemic, or lipid-lowering medi-
cations, we required stable doses for a
minimum of 2 months prior to randomi-
zation. Exclusion criteria were poorly
controlled diabetes (self-reported hemo-
globin A1c [HbA1c].9%); use of insulin;
being pregnant or planning on becoming
pregnant during the study period; un-
willingness to stop taking fish oil supple-
ments 1 month prior to randomization
for those on fish oil supplements; or an
eGFR ,30 mL/min (stage 4 or stage 5
CKD) based on the Modification of Diet
in Renal Disease equation (14). The Johns
Hopkins Institutional Review Boards
approved the study protocol. All partici-
pants provided written informed con-
sent.

Randomization and interventions
If participants were eligible based on their
screening visits, they were asked to
complete a 2–4-week run-in period dur-
ing which they took four corn oil capsules
per day. After run-in, participants who
remained interested and eligible were ran-
domized. Randomized assignments were
generated from a random-numbers table,
placed in sealed opaque envelopes, and
opened by the study coordinator in con-
secutive order. An 8-week supply of cap-
sules was provided to participants in
preallocated monthly pill packs. Partici-
pants, all study staff, and analytic team
members were masked to the randomiza-
tion sequence.

Participants took four capsules per
day during the intervention period. Each
1-g capsule of n-3 PUFA contained;85%

n-3 fatty acid ethyl esters sourced from
fish oils, a combination of ethyl esters of
eicosapentaenoic acid (EPA) and docosa-
hexaenoic acid (DHA) in an;2:1 ratio. A
2-week washout separated the two peri-
ods. The placebo capsules were identical
in appearance to the n-3 PUFA capsules
and contained an isocaloric equivalent of
corn oil. Pharmacokinetic studies sugges-
ted that a 6-week period would be ade-
quate for serum levels of n-3 PUFA to
reach steady state and that a 4-week pe-
riod would provide sufficient time for se-
rum levels to return to baseline levels
following withdrawal (15,16). Partici-
pants were asked not to alter medication
regimens of drugs that affect BP, diabetes,
or lipids.

Data collection
Study participants completed visits at
baseline and at the end of each treatment
period.Weight, height, and waist circum-
ference were measured. BP was measured
by the oscillometric technique using an
OMRON 907 machine (Omron, Vernon
Hills, IL). A set of three readings (sepa-
rated by 30 s) after 5 min of rest was
performed following a standardized pro-
tocol.

Study participants provided fasting
blood samples and 24-h urine collections
at each of the three clinic visits. Blood
samples were allowed to clot at room
temperature for 15min and centrifuged at
28C. Serum aliquots were stored at
2708C. Aliquots of 24-h urine collections
were collected and stored at2708C. Fast-
ing serum levels of total cholesterol, HDL
cholesterol, triglycerides, fasting serum
glucose, and liver function tests were
measured by a local laboratory (Quest Di-
agnostics). LDL cholesterol was estimated
using the Friedewald equation (17).
Erythrocyte fatty acids including DHA
and EPA were isolated by solid-phase ex-
traction, identified, and quantitated by
gas liquid chromatography–mass spec-
trometry in the Peroxisome Diseases sec-
tion of the Kennedy Krieger Institute
using standard methodologies (18).

Study outcomes
The primary outcome variable was 24-h
urine albumin excretion. Secondary out-
come variables were eGFR, cystatin C,
and b2-microglobulin measured in fast-
ing serum and NAG, LFABP, NGAL, and
KIM-1 measured in 24-h urine samples.
All outcome variables were measured at
baseline and the end of each treatment
period. Laboratory assays of outcome

measures were performed at the Cincinnati
Children’s Hospital Medical Center by per-
sonnel who were masked to participant
randomized sequence. Urine albumin was
measured by immunoturbidometry using
Dimension Xpand Plus clinical chemistry
system (Siemens). Serum cystatin C and
b2-microglobulin were measured by parti-
cle-enhanced immunonephelometric as-
says (Dade Behring, Deerfield, IL). Urine
NAG activity was measured using a color-
imetric assay (Roche Diagnostics) as pre-
viously described (19). Urine NGAL was
assayed using a human-specific commer-
cially available ELISA (AntibodyShop,
Grusbakken, Denmark), and LFABP was
measured using commercially available
ELISA kits (CMIC Co., Tokyo, Japan)
per the manufacturer’s instructions. The
urine KIM-1 ELISA was constructed using
commercially available reagents (R&D
Systems, Minneapolis, MN). eGFR was
calculated using the Chronic Kidney Dis-
ease Epidemiology Collaboration equa-
tion (14).

Statistical considerations
Sample size for this study was based on
estimates of the difference in change in
24-h urine albumin excretion (the pri-
mary outcome variable) and in eGFR. For
urine protein excretion, we anticipated
that a sample size of 30 participants
would result in 80% power to detect a
difference between the n-3 PUFA and
placebo periods of 10% at an a of 0.05.

The primary statistical analysis was
the comparison of the difference in
change in markers of kidney injury be-
tween the n-3 PUFA supplementation
period and placebo period. The primary
variable was the mean change in outcome
variables from baseline using repeated-
measures analysis (i.e., generalized esti-
mating equations with an exchangeable
correlation structure). The distributions
of data were checked for normality and
transformed where appropriate. Other
outcome variables were analyzed with a
similar approach. Carryover effects of the
n-3 PUFA supplement on the erythrocyte
membrane fatty acids were evaluated
using treatment by assignment-order in-
teraction terms.

We used interaction terms to evaluate
effect modification by prerandomization
medication use, namely, diuretics, statins,
glucose-lowering medications, and med-
ications that block the RAAS (e.g., ACE
inhibitors and angiotensin receptor block-
ers [ARBs]). Statistical significance was
P , 0.05. All analyses were performed
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using STATA version 11.1 (Stata Corpo-
ration, College Station, TX).

RESULTS

Study participants
Of 132 prescreened participants, we ran-
domized 31 participants (Fig. 1). A lack of
detectable urine dipstick proteinuria at
screening was the most common reason
for participants being ineligible. One ran-
domized participant withdrew before
data collection, and one completed only
one period. Baseline characteristics are
presented in Table 1, after excluding the
participant who withdrew prior to data
collection. Mean (SD) age of participants
was 67.4 (11.5) years, 55% were male,
and 61% were African American. Mean
(SD) BMI was 31.6 (5.3) kg/m2. At base-
line, 68% of participants had microalbu-
minuria (30–300 mg/day), and 26% had
macroalbuminuria (.300 mg/day). Most
participants were taking lipid-lowering
therapy (65%), RAAS inhibitors (68%),
and/or hypoglycemic medications (81%).

Urine markers of kidney injury
Baseline values and changes in urine
markers of kidney injury are reported in
Table 2. Compared with the placebo pe-
riod, n-3 PUFA had no significant effects
on the 24-h urine excretion of albumin
but significantly lowered NGAL (216%;
95% CI 229.1 to 20.5%; P = 0.04).

Although n-3 PUFA did not significantly
lower other markers of kidney injury,
there was a consistent trend of reduction
during the n-3 PUFA supplementation
period (Fig. 2).

In stratified analysis by use of chronic
stable doses of diuretics, statins, oral
hypoglycemic medications, and RAAS-
inhibitor medications, interaction terms
used to evaluate the effects of RAAS and n-
3 PUFA supplementation use were signif-
icant for NGAL (P = 0.01), NAG (P ,
0.01), and microalbuminuria (P = 0.04),
borderline significant for LFABP (P =
0.06), and nonsignificant for KIM-1 (P =
0.35) (Table 3). Within the stratum of
RAAS-inhibitor users, there were signifi-
cant reductions in all of the urinary kid-
ney injury markers except KIM-1. In
contrast, among those not taking RAAS
inhibitors, we observed nonsignificant in-
creases in most markers and a significant
increase in NAG (1.32 units/day; 95% CI
1.02–1.70). The other medication classes
did not demonstrate a similar consistent
pattern of effect modification (Fig. 3).

Serum markers of kidney function
At baseline, the mean (SD) eGFR, serum
cystatin C, and b2-microglobulin levels
were 76.9 (22.3) mL/min/1.73 m2, 0.95
(0.34) mg/L, and 2.33 (0.95) mg/L, re-
spectively. eGFR was highly correlated
with serum b2-microglobulin (r =
20.69) and cystatin C (r = 20.76). n-3

PUFA had nonsignificant effects on serum
markers of kidney function and eGFR.
Specifically, the difference in eGFR com-
paring n-3 PUFA supplementation to
control was 20.9 mL/min/1.73 m2

(95% CI 23.1 to 1.4; P = 0.45). The dif-
ferences in b2-microglobulin and cystatin
C were 20.01 mg/L (20.12 to 0.09; P =
0.79) and 0.04 mg/L (20.10 to 0.18; P =
0.55), respectively.

Other outcomes
Baseline change and treatment-arm com-
parisons of other outcomes are shown in
Table 4. Compared with placebo, n-3
PUFA supplementation was associated
with a nonsignificant change in SBP
(23.4 mmHg; 95% CI 27.7 to 21.0;
P = 0.13) and DBP (21.5 mmHg [23.8
to 0.8]; P = 0.19) and significant reduc-
tion in triglycerides (224.8 mg/dL
[ 243.7 to 25.8]; P = 0.01). In contrast,
when compared with placebo, n-3 PUFA
supplementation was associated with in-
creases in serum glucose (mean difference
6.5 mg/dL [0.6–12.3]; P = 0.03). There
was also a significant increase in alanine
aminotransaminase of 2.6 units/L (0.4–
4.8; P = 0.02).

Compliance and safety
Analyses of erythrocyte membrane fatty
acids (Table 4) revealed significant increa-
ses in EPA, DHA, and total n-3 fatty acids
during the n-3 PUFA intervention period
compared with placebo, suggestingFigure 1dParticipant flow during the trial.

Table 1dCharacteristics of trial
participants (N = 31)

Age (years) 67.4 (11.5)
BMI (kg/m2) 31.6 (5.3)
Male [N (%)] 17 (55)
Race/ethnicity [N (%)]
White 11 (35)
Black 19 (61)
Other 1 (3)

Medication use [N (%)]
Statins 20 (65)
RAAS inhibitor
(ACE or ARB) 21 (68)

Diuretics 12 (39)
Diabetes 25 (81)
Fish oil supplements
at baseline 9 (29)

Albuminuria [N (%)]
Microalbuminuria
30–300 mg/day 21 (68)

Albuminuria .300 mg/day 8 (26)

Data represent mean (SD) for continuous variable
and N (%) for categorical variables.
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compliance with the intervention proto-
cols. Carryover effects were statistically
significantly for erythrocyte membrane
levels of EPA (P = 0.05), but not of DHA
(P = 0.12) or total n-3 fatty acids (P =
0.08). Specifically, EPA levels in erythro-
cytes did not return to baseline in those
first assigned to the n-3 PUFA.

A summary of adverse effects is pre-
sented in Table 5. Overall, adverse effects
were infrequently reported, and there
were no significant differences between
treatment groups. Furthermore, when
participants were asked at the end of
each period to identify the type of capsu-
les that they believed they were taking,

48% (n = 14) of participants taking pla-
cebo thought they were taking n-3 PUFA,
whereas 47% (n = 14) of participants tak-
ing n-3 PUFA thought they were taking
placebo, and 4% (n = 1) did not report
treatment assignment (x2, P = 0.3).

CONCLUSIONSdIn this randomized,
controlled clinical trial, daily supplemen-
tation with n-3 PUFA had nonsignificant
effects on urine albumin excretion
(27.2%; 95% CI 220.6 to 8.5; P = 0.35)
and significant effects on urine NGAL ex-
cretion (216% [229.1 to 20.5%]; P =
0.04) in adults with diabetes and protein-
uria. In contrast, n-3 PUFA supplements

increased fasting glucose by 6.5 mg/dL. In
the subgroup of participants taking stable
doses of RAAS inhibitors, n-3 PUFA sup-
plementation significantly reduced multi-
ple markers of kidney injury including
NGAL (227%), LFABP (237%), NAG
(230%), and albuminuria (217%).

The effects of n-3 PUFA supplements
on urine protein excretion have been
tested in trials of primarily nondiabetic
participants with diverse underlying cau-
ses of CKD. In a meta-analysis of 17 trials,
we reported a 19% reduction (95%CI234
to24; P = 0.01) in urine protein excretion
with n-3 PUFA across all trials (20). A sim-
ilar magnitude of effect was noted in the
subgroup of trials (n = 7) that enrolled par-
ticipants with diabetic kidney disease
(221% [246 to 4]; P = 0.10).

We can only speculate on mecha-
nisms that may account for the beneficial
effects of n-3 PUFA supplementation on
kidney-injury processes. Effects on vascu-
lar function and renal hemodynamics are
possible (4,21). A systematic review of
fish oil supplements in hypertensive pa-
tients (five trials) reported that an average
of 3 g/day of n-3 PUFA reduced SBP/
DBP by 5.5/3.5 mmHg (22). Our trial
demonstrated a similar reduction in SBP,
which could explain reductions in pro-
teinuria and other markers of kidney in-
jury via hemodynamic effects. However,
in spite of small differences in BP between
the n-3 PUFA and placebo periods, we did
not detect an effect of n-3 PUFA supple-
mentation on b2-microglobulin, cystatin
C, or creatinine-based eGFR. These results
suggest that n-3 PUFA effects on kidney
injury markers are likely independent of
hemodynamic effects that effect GFR.

Table 2dBaseline, change from baseline, and difference between placebo and n-3 PUFA groups in serum markers of kidney function
and urine kidney injury molecules

Baseline mean (SD)
or median (IQR)

Change placebo to
baseline (95% CI)

Change n-3 PUFA to
baseline (95% CI)

Difference in change n-3
PUFA vs. placebo (95% CI) P value

Serum markers of kidney function
b2-Microglobulin (mg/L) 2.33 (0.95) 0.02 (20.18 to 0.23) 0.01 (20.19 to 0.21) 20.01 (20.22 to 0.19) 0.90
Cystatin C (mg/L) 0.95 (0.34) 20.05 (20.17 to 0.07) 20.01 (20.12 to 0.11) 0.04 (20.07 to 0.16) 0.48
Creatinine (mg/dL) 1.03 (0.32) 0.01 (20.04 to 0.07) 0.02 (20.04 to 0.08) 0.01 (20.05 to 0.07) 0.77
eGFR (mL/min/1.73 m2) 78.0 (21.7) 20.9 (24.4 to 2.7) 21.85 (25.3 to 1.8) 20.9 (24.4 to 2.7) 0.63

Urine markers of kidney injury*
KIM-1 (ng/day) 756 (542–1,049) 23.6 (213.9 to 8.0) 29.5 (219.1 to 1.2) 26.2 (216.2 to 5.1) 0.27
NGAL (mg/day) 16.3 (9.1–42.1) 21.0 (216.4 to 17.3) 216.8 (229.6 to 21.7) 216.0 (229.1 to 20.5) 0.04
LFABP (mg/day) 3.9 (2.1–7.4) 0.9 (228.1 to 41.5) 221.6 (243.9 to 9.5) 222.3 (244.6 to 9.0) 0.14
NAG (units/day) 2.0 (1.1–2.4) 24.9 (222.3 to 16.4) 219.0 (233.7 to 21.1) 214.8 (230.3 to 4.0) 0.12
Albumin (mg/day) 161 (115–414) 5.1 (210.3 to 23.2) 22.4 (216.5 to 14.1) 27.2 (220.6 to 8.5) 0.35

P values refer to the difference in change between placebo and n-3 PUFA groups. IQR, interquartile range. *Urine markers presented as baseline, percent change from
baseline, and difference in percent change between placebo and n-PUFA periods.

Figure 2dMean percent difference in 24-h urinary excretion of KIM-1, NGAL, LFABP, NAG,
and albumin (ALB) comparing the n-3 PUFA to the control period. (A high-quality color rep-
resentation of this figure is available in the online issue.)
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n-3 PUFA supplementation may also
alter the balance of n-3 and n-6 fatty acids
available for prostaglandin production,
causing a favorable shift toward produc-
tion of prostaglandins with more vasodi-
lator effects, enhanced immune function,
and reduced inflammation (16,23),
mechanisms that may contribute to
CKD progression in diabetic kidney dis-
ease. n-3 PUFA supplementation may
also decrease renal ischemic effects
through rheostatic changes on erythro-
cyte membranes. Stirban et al. (21) noted
improved postprandial microvascular re-
active hyperemia after ischemia in adults
with non–insulin-dependent diabetes
with 2 g/day of n-3 PUFA. This mecha-
nism was believed to be largely indepen-
dent of nitric oxide–mediated regulations
of vascular tone and more related to the
influence of n-3 PUFA on prostaglandin
pathways.

In our trial, n-3 PUFA had nonsignif-
icant effects on urine albumin excretion
(27.2%; 95% CI220.6 to 8.5; P = 0.35).
The nonsignificant overall effects of n-3
PUFA supplementation on the primary
outcome variable of urine albumin excre-
tion suggest a lack of benefit or reflect

a trial is underpowered. Nonetheless, in
subgroup analyses, n-3 PUFA signifi-
cantly reduced urine albumin excretion
only in participants on RAAS-inhibition
therapy, representing 70% of participants
in this trial. Indeed, the use of RAAS-
inhibition therapy would be considered
a standard of care for patients with diabetes
and evidence of kidney disease (2). A priori,
one would expect that RAAS inhibitors
would have had considerable antiproteinu-
ric effects, limiting the ability to detect the
effects of additional agents. In our trial, the
opposite occurred. For the most part, pre-
vious trials did not report whether the anti-
proteinuric effects of n-3 PUFA were
affected by the concurrent use of RAAS in-
hibition, but similar results were reported
in a trial of patients with immunoglobulin
A nephropathy treated with RAAS. In this
trial, enhanced antiproteinuric effects were
noted with the addition of 3 g/day of n-3
PUFA compared with RAAS treatment
alone (24). Possible causes of additional
antiproteinuric effects may include anti-
inflammatory effects, reduced blood vis-
cosity, and increased erythrocyte flexibility
leading to reduced renal tubular ischemia
(5,25). The potential interaction between

RAAS inhibitors and n-3 PUFA may have
important clinical implications and needs
to be further investigated as a potential re-
noprotective combination in patients with
diabetes and proteinuria.

Our trial has several strengths. First,
the crossover design and relatively short-
term intervention periods allowed for
assessments of the acute effects on urine
albumin excretion and eGFR in the set-
ting of stable doses of medications that
may affect urine protein excretion. Sec-
ond, we enrolled diabetic participants
with proteinuria, a common complica-
tion and early sign of CKD in patients
with diabetes. Third, the diabetes,
hyperlipidemia (if present), and hyper-
tension were treated. Hence, supplemen-
tation with n-3 PUFA may have added
benefit to conventional therapies in those
with diabetes and early CKD. Fourth, the
high rates of adherence and follow-up,
the use of 24-h urine sample collections,
and the use of high-quality laboratory
methods enhance the internal validity of
the trial. Fifth, novel markers of kidney
injury are not susceptible to hemody-
namic changes that may alter urine albu-
min excretion.

There are also several limitations. We
used a short-term crossover trial design,
selected to enhance power to detect dif-
ferences. Although no carryover effects
were detected in the analyses of outcome
variables, we detected a carryover effect of
the intervention on EPA levels in eryth-
rocytes. Erythrocyte EPA levels did not
return to baseline at the end of the study
in the group first assigned to n-3 PUFA
despite a 2-week washout period and a 6-
week period on placebo.We note that this
type of carryover effect will tend to mask
the effects of n-3 PUFA in the crossover
analysis. Hence, future short-term trials of
n-3 PUFA would benefit from a longer
washout period or a parallel-arm design.
Another limitation pertains to our
reporting a large number of secondary
outcomes and subgroup analyses strati-
fied by baseline medication use. With this
approach, one must be cautious in inter-
preting statistical significance due to mul-
tiple comparisons and the risk of type 1
errors. For example, although we report
significant reductions in urine excretion
of albumin, NAG, NGAL, and LFABP in
those participants on RAAS therapy at
baseline, there was evidence of increased
urine excretion of NAG in those not
taking RAAS therapy. This finding can
either reflect the truth or, because of type
1 error associated with post hoc subgroup

Table 3dTest for interactions between concurrent medication use and n-3 PUFA effects
on markers of kidney injury

n-3 PUFA vs. placebo P value
interactionYes No

Statins
KIM-1 (pg/day) 0.97 (0.85–1.11) 0.87 (0.72–1.06) 0.36
NGAL (ng/day) 0.85 (0.67–1.07) 0.83 (0.64–1.06) 0.90
LFABP (ng/day) 0.68 (0.43–1.06) 1.01 (0.64–1.62) 0.27
NAG (units/day) 0.74 (0.59–0.94) 1.12 (0.80–1.56) 0.05
Microalbuminuria (mg/day) 0.86 (0.70–1.06) 1.08 (0.90–1.28) 0.17

Diuretics
KIM-1 (pg/day) 0.96 (0.82–1.12) 0.92 (0.79–1.08) 0.76
NGAL (ng/day) 0.78 (0.61–1.00) 0.87 (0.71–1.08) 0.52
LFABP (ng/day) 0.65 (0.32–1.31) 0.87 (0.65–1.18) 0.39
NAG (units/day) 0.94 (0.69–1.28) 0.80 (0.62–1.04) 0.45
Microalbuminuria (mg/day) 0.93 (0.75–1.14) 0.93 (0.74–1.16) 0.98

Diabetes medications
KIM-1 (pg/day) 0.91 (0.81–1.03) 1.05 (0.82–1.33) 0.32
NGAL (ng/day) 0.80 (0.65–0.98) 1.01 (0.78–1.30) 0.28
LFABP (ng/day) 0.74 (0.50–1.10) 0.94 (0.61, 1.47) 0.56
NAG (units/day) 0.80 (0.64–0.99) 1.11 (0.70–1.74) 0.18
Microalbuminuria (mg/day) 0.87 (0.73–1.04) 1.20 (0.97–1.49) 0.09

RAAS inhibitors
KIM-1 (pg/day) 0.91 (0.79–1.04) 1.02 (0.84–1.23) 0.35
NGAL (ng/day) 0.73 (0.60–0.88) 1.16 (0.86–1.57) 0.009
LFABP (ng/day) 0.63 (0.41–0.96) 1.24 (0.77–2.02) 0.06
NAG (units/day) 0.70 (0.55–0.89) 1.32 (1.02–1.70) 0.002
Microalbuminuria (mg/day) 0.83 (0.69–1.00) 1.19 (0.87–1.61) 0.04
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analyses, may be inappropriate. However,
we feel that subgroup reporting from this
small trial is both informative and clini-
cally relevant and may be helpful in the
design of future trials of n-3 PUFA on
kidney injury.

Each intervention capsule was a
highly concentrated source of DHA/EPA
derived from marine fish oils, and the
dose was 4.0 g/day. This high dose of n-3
PUFA is far above the daily average intake
of U.S. adults (0.15 g/day) (26) and con-
tributes minimally to total calorie intake

(;40 kcal/day). This dose has therapeutic
efficacy for triglyceride reduction (;25–
40%) and is the dose currently sold by
prescription for the treatment of hypertri-
glyceridemia. A lower dose of n-3 PUFA
(1.0 g/day) has reduced cardiovascular
events in some (27,28) but not all (29)
clinical trials. In our prior meta-analysis
of n-3 PUFA supplementation on urine
protein excretion, the dose of n-3 PUFA
did not modify the findings, but few trials
used doses #1 g/day. Since 1 g/day is the
currently recommended daily dose of

EPA/DHA for adults with coronary heart
disease (30), further research is also
needed to evaluate the effects of n-3
PUFA across a wider range of doses.
Within the Vitamin D and Omega-3
Trial, a National Institutes of Health–
funded trial, 1,500 Vitamin D and
Omega-3 Trial participants with diabetes,
randomly assigned in a 23 2 factorial de-
sign to vitamin D3 (cholecalciferol) 1,600
IU daily versus placebo and to EPA 500
mg plus DHA 500 mg daily versus pla-
cebo, will be studied to ascertain effects
of study interventions on albuminuria
and GFR (31). Their trial is expected to
finish in the year 2015.

Dose effects are also relevant to the
observed adverse effects of n-3 PUFA
supplements on fasting serum glucose.
Increased fasting glucose with n-3 PUFA
supplementation has been reported in
many, but not all, trials. A recent Co-
chrane meta-analysis of 15 trials of fish oil
supplementation on glucose homeostasis
reported a nonsignificant pooled increase
in fasting glucose of 2.9 mg/dL (95% CI
22.3 to 8.3 mg/dL), with no effects on
HbA1c (32). The mechanisms involved
in increasing fasting glucose are unclear,
but n-3 PUFA reduce hepatic synthesis of
triglycerides and increase hepatic fatty
acid b-oxidation, resulting in increased
hepatic glucose output through in-
creased glycogenolysis and/or gluconeo-
genesis (33). Nonetheless, whether a
lower dose of n-3 PUFA is sufficient to
lower kidney injury but below a thresh-
old to cause hyperglycemic effects needs
to be tested.

In conclusion, in this randomized,
controlled clinical trial, n-3 PUFA failed
to reduce the primary outcome of urine
albumin excretion. However, there was a
consistent trend of benefit for all urine
biomarkers and a significant reduction in
NGAL. Furthermore, our post hoc sub-
group findings raise the intriguing possi-
bility that the greatest effects of n-3 PUFA
are in individuals on RAAS inhibitors.
There were small reductions in SBP and
DBP, an increase in fasting glucose, but no
apparent effect on eGFR with n-3 PUFA
supplementation. Our results in the con-
text of prior studies provide a strong
rationale for larger trials that are ade-
quately powered for smaller effects on
urine albumin excretion or trials that are
conducted in participants who take ACE/
ARB therapy. In long-term trials of n-3
PUFA with clinical outcomes such as
CKD progression, which are underway,
careful consideration should be given for
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the potential beneficial interactions be-
tween RAAS therapy and n-3 PUFA.
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