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ABSTRACT

Background: Chronic kidney disease is a major worldwide prob-
lem. Although epidemiologic and experimental studies suggest that
n-3 long-chain polyunsaturated fatty acid (n—-3 LCPUFA) supple-
mentation may prevent or slow the progression of kidney disease,
evidence from clinical trials is inconsistent.

Objective: The objective was to combine evidence from controlled
clinical trials to assess the effect of n—3 LCPUFA supplementation
on the change in urine protein excretion (UPE) and on glomerular
filtration rate (GFR).

Design: We performed a meta-analysis of clinical trials that tested
the effect of n—3 LCPUFA supplementation on UPE, a marker of
kidney damage, and on GFR, a marker of kidney function. A random-
effects model was used to pool SD effect size (Cohen’s d) across
studies.

Results: Seventeen trials with 626 participants were included in the
meta-analysis. Most trials focused on patients with a single
underlying diagnosis: IgA nephropathy (n = 5), diabetes (n = 7),
or lupus nephritis (n = 1). The dose of n—3 LCPUFAs ranged from
0.7 to 5.1 g/d, and the median follow-up was 9 mo. In the pooled
analysis, there was a greater reduction in UPE in the n-3 LCPUFA
group than in the control group: Cohen’s d for all trials was —0.19
(95% CI: —0.34, —0.04; P = 0.01). In a patient with 1 g UPE/d , this
corresponds to a reduction of 190 mg/d. Effects on GFR were
reported in 12 trials. The decline in GFR was slower in the n—-3
LCPUFA group than in the control group, but this effect was not
significant (0.11; 95% CI: —0.07, 0.29; P = 0.24).

Conclusions: In our meta-analysis, use of n—3 LCPUFA supple-
ments reduced UPE but not the decline in GFR. However, small
numbers of participants in trials, different methods of assessing
proteinuria and GFR, and inconsistent data reporting limit the
strength of these conclusions. Large, high-quality trials with clinical
outcomes are warranted. Am J Clin Nutr 2009;89:1937-45.

INTRODUCTION

Chronic kidney disease (CKD) is increasing in prevalence in
the United States. The most common causes of CKD are diabetes
and hypertension. However, epidemiologic and clinical studies
examining nutrient-based risk factors suggest that the dietary
intake of fatty acids may prevent CKD and slow its progression
(1). Because the intake of essential fatty acids is low in the US
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diet, many trials have been conducted to determine the effects of
dietary supplementation with long-chain fatty polyunsaturated
fatty acids (n—3 LCPUFAs), also known as omega-3 fatty acids,
including docosahexaenoic acid (DHA, 22:6n—3) and eicosa-
pentaenoic acid (EPA, 20:5n—3) on CKD progression.

In animal models, dietary supplementation with n-3 LCPUFAs
at low doses reduces the severity of kidney disease after exposure
to nephrotoxic agents (2) and slows the progression of kidney
disease (3). In human studies, n—-3 LCPUFA supplementation
has been shown to modify intermediaries in the pathogenesis of
kidney disease, ie, lowering blood pressure, oxidative stress, and
inflammation and improving endothelial function (4). In cross-
sectional and longitudinal observational studies in humans, n-3
LCPUFA intake was associated with a lower risk of macro-
albuminuria in adults with diabetes (5) and with a lower age-
related decline in kidney function (6).

Randomized trials of n—-3 LCPUFA supplementation on the
progression of kidney disease have been conducted, but the
results have been inconsistent (7). Potential reasons for the in-
consistencies include differences in the pathology of underlying
kidney disease or in the prevalence of risk factors for disease
progression, differences in outcome assessment, small sample
sizes, and limitations in study quality (eg, noncompliance or use
of concurrent medications).

The objective of this meta-analysis was to combine evidence
from controlled clinical trials to assess the effect of n—-3 LCPUFA
supplementation on change in urine protein excretion, a well-
established clinical marker of kidney damage that is a common
outcome in most trials, and on glomerular filtration rate (GFR),
a marker of kidney function.
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METHODS

We searched the published literature for clinical trials that
tested the effects of n—-3 LCPUFA supplementation on urine
protein excretion. We performed a Medline search using the
medical subject headings fish oil, omega 3 fatty acids, kidney
(renal) disease, and clinical trials. Details of the search terms
are provided in Appendix A. The search period was from 1966
to October 2008. The Medline search included a search of the
Cochrane database of randomized controlled trials, review of
reference lists from original research, and a search of review
articles.

Our prespecified inclusion criteria were as follows: /) con-
trolled clinical trials; 2) use of n—-3 LCPUFAs, including eico-
sapentaenoic acid (EPA) and/or docosahexaenoic acid (DHA)
or fish oils as the active treatment; 3) presence of a control or
placebo group; and 4) reported effects on urine protein (or al-
bumin) excretion. We excluded trials of patients who had
undergone organ transplant or had end-stage kidney disease.

Three investigators (ERM, MM, and SPJ) independently
abstracted the articles. Disagreements or uncertainties were
adjudicated by consensus. From each article, we abstracted 1)
characteristics of the study population, including sample size,
country, age, sex, and targeted kidney disease condition; 2)
characteristics of the trial design, including dose and duration of
n-3 LCPUFA supplementation; 3) measurements of urine pro-
tein excretion; and 4) measured GFR or estimated GFR (eGFR)
from creatinine-based estimating equations or 24-h urine cre-
atinine clearance. The sum of the amount of EPA and DHA
within intervention capsules was used to reflect the daily sup-
plemental dose of n—3 LCPUFAs (mg/d) in each trial.

The method for evaluating urine protein excretion and GFR
varied across studies. As a result, we calculated effect sizes as
standardized measures of change (SD units) that are independent
of the measurement unit used in individual trials. Effect sizes
(Cohen’s d) were computed by dividing the difference between
mean change in the intervention and the mean change in the
control group by their pooled SDs (8). Effect sizes are interpreted

References identified
N =242
Medline: 178

as the relative effect of n—3 LCPUFA supplementation on
change in urine protein excretion compared with the change in
the control group. Pooled estimates and 95% Cls were calcu-
lated by using a random-effects meta-analysis model using
STATA 9.2 (STATA Corp, College Station, TX).

In each study, we used intention-to-treat analyses, if available;
otherwise we used data reported on trial participants that returned
for follow-up. For trials with a crossover design, change in
protein excretion was determined between baseline and end of
first period. In a sensitivity analysis, randomized controlled
double-blind studies (high-quality trials) were analyzed sepa-
rately from unblinded trials (eg, the control group did not receive
capsules). Retention rates are reported as the percentage of
participants within each trial who came in for end-of study
measurements. We report participant retention as the percentage
of participants for whom end-of study measurements were made.

RESULTS

The trial selection process that resulted from our systematic
literature review is shown in Figure 1. Seventeen clinical trials
met our inclusion criteria. These trials, reported between 1986
and 2007, included a total of 626 participants (Table 1). The
mean age in the trials ranged from 33 to 64 y. Ten trials were
double-blinded randomized controlled trials, whereas the re-
mainder did not use a placebo capsule, used concurrent controls
(not randomized), or a blinded assessment of outcomes was not
reported. Follow-up ranged from 6 wk to 48 mo (median: 9 mo).
Most trials focused on patients with a single underlying di-
agnoses: IgA nephropathy (5 trials), diabetes (7 trials), and lupus
nephritis (1 trial). Three trials enrolled patients with kidney
disease of mixed etiologies, and one trial did not report the
underlying kidney disease of the study participants. The dose of
n-3 LCPUFAs (EPA and/or DHA) ranged from 0.7 to 5.1 g/d.
The eGFR ranged from 24 to 116 mL - min~' - 1.73 m~ 2 across
studies (median: 73 mL - min~ ' - 1.73 m™?).

FIGURE 1. Flow diagram of trial selection process resulting from systematic search. ESRD, end-stage renal disease; LCPUFA, long-chain polyunsaturated

fatty acids.
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Characteristics of clinical trials of n—3 long-chain polyunsaturated fatty acid supplementation in patients with kidney disease, by year of publication’

Total dose Percentage of
Type of of EPA participants
kidney Mean age  and/or Placebo completing

Trial Country disease n y DHA eGFR? Month Randomization® capsule Design study

Haines et al, United IDDM 41 42 4.6 mL/min 1.5 Yes Olive oil  Parallel 93
1986 (15) Kingdom

Bennett et al, United IgA 37 39 3.0 78 24 Yes None Parallel 97
1989 (16) States nephropathy

Jensen et al, Denmark IDDM 18 37 4.6 81 2 Yes Olive oil Crossover 94
1989 (17)

Hamazaki et al, Japan IDDM or 26 64 1.8 —_ 6 No None Parallel 100
1990 (18) NIDDM

Clark et al, Canada Lupus 26 39 4.4 75 27 Yes Olive oil Crossover 81
1993 (11)

Gentile et al, Ttaly CKD, 20 45 1.5 64 9 Yes None Crossover 100
1993 (19) protein

>2.5¢g/d

Pettersson et al, Sweden IgA 32 41 5.1 66 6 Yes Corn oil Parallel 94
1994 (20) nephropathy

Shimizu et al,  Japan NIDDM 45 62 0.9 — 12 No None Parallel 100
1995 (21)

Rossing et al,  Denmark IDDM 36 33 4.6 112 12 Yes Olive oil  Parallel 83
1996 (22)

Cappelli et al, Italy Mixed etiolgy 20 52 34 29 12 Yes None Parallel 100
1997 (23)

Lungershausen Australia ~ IDDM or 32 55 34 116 3 Yes Corn oil  Parallel 100
et al, 1997 NIDDM
24)

Donadio et al, United IgA 106 37 32 82 24 Yes Olive oil  Parallel 71
1999 (25) States nephropathy

Branten et al,  Netherlands IgA 25 38 3.0 45 12 No None Parallel 100
2002 (26) nephropathy

Alexopoulos Greece IgA 34 40 1.4 46 48 Yes None Parallel 82
et al, 2004 nephropathy
@7

Svensson et al, Denmark  Mixed etiolgy 64 59 24 24 2 Yes Olive oil  Parallel 91
2004 (28)

Zeman et al, Europe NIDDM 24 49 3.1 — 6 No Olive oil Crossover 100
2006 (12) (sequential)

Theobald et al, United None 38 49 0.7 — 3 Yes Olive oil Crossover 98
2007 (29) Kingdom  reported

Median 34 42 3.1 73 9 97
(all trials)

Range (18, 106) (33,64) (0.7,5.1) (24, 116) (1.5, 48) (71, 100)
(minimum,
maximum)

/IDDM, insulin-dependent (type 1) diabetes; NIDDM, non-insulin-dependent (type 2) diabetes; eGFR, estimated glomerular filtration rate; EPA,
eicosapentaenoic acid; DHA, docosahexaenoic acid; CKD, chronic kidney disease.

2 Dashes represent GFR that was not reported or unable to be estimated.

3 Trials that were not randomized made comparisons with concurrent control patients.

Retention rates within trials were high (median: 97% of par-
ticipants had end-of-study measurements). Five of 17 trials
reported side effects from supplementation. Three of these trials
did not quantify the proportion of patients experiencing these
symptoms [eg, “fishy aftertaste” in some patients (25), “occa-
sional smell of fish on belching” (20), “eructation with fish taste”
(27)]. One trial reported gastrointestinal side effects in 11% of the
intervention group (28), and one trial reported that 17% of those
assigned to fish-oil supplements had nausea at some point in the
trial (22). There was no evidence of a differential dropout rate
between the n—3 LCPUFA and control groups within trials.

The outcome variable of urine protein excretion was reported
differently in trials (Table 2): protein in g/d (5 studies), albumin
in pg/min (3 studies), albumin as a percentage of excretion per
hour, albumin as g/d, albumin as mg/g creatinine, albumin as
mg/d, protein as pg/creatinine clearance, protein as g/L., albumin
as mg/L, and albumin as pg/creatinine mmol (one study each).
The method for assessing GFR varied across trials (Table 3).
Several studies measured GFR using one of several “gold
standard” radioisotope determinations of kidney function (10,
19, 21, 26). Other studies used either 24-h creatinine clearance
rates (15, 16, 18, 23, 25) or creatinine-based estimating
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Urine protein excretion at baseline by group assignment and difference in mean change in urine protein excretion in the n—3 long-chain polyunsaturated fatty
acid (LCPUFA) treatment (T) minus control (C) group (Am) * pooled SD

Baseline urine protein excretion

Difference in mean
change in urine

n—3 LCPUFA Control protein excretion
(n—3 LCPUFA
Baseline Baseline minus control)
mean End mean mean End mean
Trial Urine protein nr + SDy + SDy ne + SDc¢ + SDc¢ Am’ Pooled SD?
Haines et al, Albumin 19 6.09 7.45 22 6.70 6.71 0.22° 1.52°
1986 (15) (ug/min)
Bennett et al, Protein (g/d) 17 1.86 = 2.00 1.35 = 1.68 20 2.05 = 2.49 1.51 = 1.60 0.03 2.81
1989 (16)
Jensen et al, Albumin (%/h) 18 8.7 £ 2.1 6.9 £25 18 8.7 £ 2.1 85 %125 -1.6* 33
1989 (17)
Hamazaki et al, Albumin 16 65 = 2 36 = 2 10 55+ 3 54 +3 —-0.57*° 1.32°
1990 (18) (mg/g creatinine)
Clark et al, Protein (mg/d) 13 1424 *= 2029 897 * 1614 13 1271 £ 2049 1548 = 2139 —804 2783
1993 (11)
Gentile et al, Albumin (g/d) 20 543 = 1.74 396 = 143 20 543 = 1.74 420 = 2.19 —-0.24 2.54
1993 (19)
Pettersson et al, Protein (g/d) 15 1.8 1.2 1.7 =09 17 20+ 14 1.8 1.2 0.1 1.7
1994 (20)
Shimizu et al, Albumin 29 447 = 680 59 = 67 16 200 £ 240 114 £ 50 —3027 570
1995 (21) (mg/g creatinine)
Rossing et al, Albumin (g/d) 14 0.77 = 1.21 0.94 = 1.20 15 0.71 = 1.30 0.82 = 1.30 0.05° 1.23°
1996 (22)
Cappelli et al, Protein (pg/mL 10 432 + 18.7 56.3 = 24.5 10 413 =239 68.0 =294 —13.6 34.5
1997 (23) creatinine
clearance)
Lungershausen Albumin 16 60 * 44 70 = 64 16 83 + 48 95 * 64 -2 79
et al, 1997 (24) (pg/min)
Donadio et al, Protein (g/d) 55 2.55 = 1.71 232 *1.71° 51 322 £ 321 312 3215 -0.13 3.60°
1999 (25)
Branten et al, Albumin (¢g/min) 12 1594 + 984 951 = 693 13 1509 £ 782 947 + 977 —81 1229
2002 (26)
Alexopoulos Protein (g/d) 14 20=*19 0.8 £ 04 14 1.6 £ 14 09 = 0.6 -0.57 1.7
et al, 2004 (27)
Svensson et al, Protein (g/L) 28 0.7 %10 0.6 1.0 30 0.6 £0.8 08 £ 1.0 —-0.3 1.3
2004 (28)
Zeman et al, Albumin 24 27.0 = 41.2 20.5 = 15.7 24 27.0 = 41.2 29.5 =299 -9.0* 47.6
2006 (12) (mg/L)
Theobald et al, Albumin (ug/mmol 38 0.59 = 1.48 0.51 = 1.66 38 0.53 = 0.97 0.60 = 1.36 -027° 0.50°
2007 (29) creatinine)

’ Am is equal to the end-study mean of the treatment (eicosapentaenoic acid and/or docosahexaenoic acid) group minus the end-study mean of the control

group; the trial by Haines et al (15) reported the percentage difference only.

2 Pooled SD is equal to the square root of {[(nr — 1)SD1* + (nc — 1)SDZ/(nt + nc — 2)}.

3 Based on reported difference, as a percentage of change.

# Individual trial reports significant reduction in urine protein excretion with n—3 LCPUFA supplementation.
> Am and pooled SD are based on logarithmic conversion of trial-reported geometric means.

% Reported baseline SD used for pooled estimate.

equations (22, 24, 27). This variation in trial outcomes provided
the rational for calculating individual trial effect size in SD units
and overall effects using the Cohen’s d method. The Cohen’s d
value is the effect size in SD units. For example, in a trial in
which baseline urine protein excretion is 1000 mg/d, an effect
size (Cohen’s d) of —0.20 means that n—3 LCPUFA supple-
mentation reduced urine protein excretion compared with the
control by 200 mg/d (20%).

Effects of n—-3 LCPUFA supplementation on urine protein
excretion was greater in the n—3 LCPUFA supplementation group

than in the control group in 13 of 17 trials. Only 5 trials (17, 18,
21, 27, 28), however, reported significant reductions in urine
protein excretion. In the pooled analysis, n-3 LCPUFA sup-
plementation significantly reduced urine protein excretion com-
pared with the control. The pooled effect size (Cohen’s d) for all
trials was —0.19 (95% CI: —0.34, —0.04; P = 0.01). The test for
heterogeneity was nonsignificant (P = 0.84). The effect sizes
(Cohen’s d) in studies of patients with IgA nephropathy (n = 5),
diabetes (n = 7), and other conditions (n = 5) were —0.05 (95%
CL: —0.31,0.21; P =0.71), —0.21 (95% CI: —0.46, 0.04; P = 0.10),
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Measured glomerular filtration rate (GFR), estimated GFR (eGFR), or creatinine clearance at baseline by group assignment and difference in mean change in
measured GFR, eGFR, or creatinine clearance in the n—3 long-chain polyunsaturated fatty acid (LCPUFA) treatment (T) minus control (C) group (Am) =

pooled SD
Baseline eGFR
Difference in mean
n-3 LCPUFA Control change in eGFR
(n-3 LCPUFA
Baseline Baseline minus control)
Method of mean End mean mean End mean
Trial estimating GFR’ nr + SD¢ (SDy) ne * SDc¢ + SD¢ Am? Pooled SD’
Haines et al, NA 19 — — 22 — — — —
1986 (15)
Bennett et al, 24-h creatinine 17 80 = 16 57 = 17 20 76 = 18 55 = 14 -2 23
1989 (16) clearance (mL/min)
Jensen et al, 24-h creatinine 18 81 = 21 81 = 21 18 81 = 21 80 = 21 1 30
1989 (17) clearance
(mL - min~! - 1.73 m™?)
Hamazaki et al, NA 16 — — 10 — — — —
1990 (18)
Clark et al, Tc-DPTA GFR 13 76 £ 31 75 £30 13 73 £ 38 69 * 35 3 48
1993 (11) (mL - min~" - 1.73 m~?)
Gentile et al, 24-h creatinine 20 64 + 38 59 £ 34 20 64 + 38 56 £ 31 3 50
1993 (19) clearance
(mL - min~" - 1.73 m™?)
Pettersson et al, 51 cr-EDTA GFR 15 63 *+ 22 59 + 21 17 69 + 25 68 + 27 -3 34
1994 (20) (mL - min~' - 1.73 m™?)
Shimizu et al, NA 29 — — 16 — — — —
1995 (21)
Rossing et al, 51 cr-EDTA GFR 14 116 = 30 105 £30 15 108 = 25 103 * 30 -6 41
1996 (22) (mL - min~" - 1.73 m~?)
Cappelli et al, CCr (Cockcroft-Gault) 10 28 £ 15 2515 10 29 £ 13 16 £ 14 10 20
1997 (23) (mL/min)
Lungershausen et al, 24-h creatinine 16 120 = 32 118 = 36 16 112 £ 52 108 * 48 2 61
1997 (24) clearance
(mL - min~' - 1.73 m™?)
Donadio et al, eGFR’ (mL - min~' - 1.73 m %) 55 83 + 30 82 +30° 51 81 = 27 66 +27° 14 40
1999 (25)*
Branten et al, 24-h creatinine 12 44 + 12 38 £ 15 13 46 £ 14 40 £ 14 0 20
2002 (26) clearance
(mL - min~" - 1.73 m™?)
Alexopoulos et al, 51 cr-EDTA GFR 14 46 = 12 41 =13 14 45 = 23 34 + 30 6 30
2004 (27)* (mL - min~" - 1.73 m™?)
Svensson et al, eGFR’ 28 24 + 13 24 + 14 30 24 £ 10 23 £ 10 1 17
2004 (28) (mL - min~" - 1.73 m™?)
Zeman et al, NA 24 — — 24 — — — —
2006 (12)
Theobald et al, NA 38 — — 38 — — — —
2007 (29)

! NA, not available; Tc-DPTA, technetium-labeled diethylenetriamine pentaacetate; cr-EDTA; creatinine-EDTA; CCer, creatinine clearance rate.

2 Am is equal to the end-study mean of the treatment (eicosapentaenoic acid and/or docosahexaenoic acid) group minus the end-study mean of the control
group; the trial by Haines et al (15) reported the percentage difference only.

? Pooled SD is equal to the square root of {[(nr — 1)SD1* + (nc — 1)SDZ)/(nt + nc — 2)}.

#Individual trial reports a significant reduction in GFR in the n—3 LCPUFA supplement group.

° eGFR estimated by modified MDRD (Modification of Diet in Renal Disease) equation based on race, sex, and serum creatinine data reported in the trials.

% End means estimated from reported rate of decline in GFR at 2 y.

and —0.33 (95% CI: —0.60, —0.06; P = 0.02), respectively (Figure
2). In meta-regression analyses, trial characteristics including trial
duration, n—3 LCPUFA dose, use of olive oil as placebo, randomized
controlled clinical trial compared with other trial designs, and type of
underlying kidney disease were not associated with the efficacy of n—
3 LCPUFA supplements (data not shown).

Effects of n—3 LCPUFA supplements on GFR or eGFR were
reported in 12 of 17 trials (Table 3). The GFR decline was slower
in the n—-3 LCPUFA supplementation group than in the control
group in 9 of 12 trials. Only 2 trials (24, 26), however, reported
significant protective effects of n—3 LCPUFA supplementation
in preventing GFR decline. Nonetheless, the pooled effect size
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Author Cohen’s d (95% CI)
Diabetes
Haines 1986 (15) 0.14 (-0.47, 0.76)
Jensen 1989 (17) -0.49 (-1.15, 0.17)
Hamazaki 1990 (18) -0.43 (-1.23, 0.37)
Lungershausen 1990 (24) -0.03 (-0.72, 0.67)
Shimizu 1995 (21) -0.53 (-1.15, 0.09)
Rossing 1996 (22) 0.04 (-0.69, 0.77)
Zeman 2006 (12) -0.19 (-0.76, 0.38)
Combined -0.21 (-0.46, 0.04)

IgA Nephropathy
Bennett 1989 (16)
Pettersson 1994 (20)

0.01 (-0.64, 0.66)
0.06 (-0.64, 0.75)

Donadio 1999 (25) -0.04 (-0.42, 0.34)
Branten 2002 (26) -0.07 (-0.85, 0.72) ;
Alexopoulos 2004 (27)  -0.29 (-1.03, 0.46) ;
Combined -0.05 (-0.31, 0.21) ;
Other .?
Clark 1993 (11) -0.29 (-1.08, 0.48) :
Gentile 1993 (19) -0.09 (-0.71, 0.53) i
Cappelli 1997 (23) -0.39 (-1.28, 0.49) =
Svensson 2004 (28) -0.22 (-0.74, 0.29) .:
Theobald 2007 29) -0.54 (-0.99, -0.08) ——
Combined -0.33 (-0.60, -0.06) -
Overall -0.19 (95% Cl: -0.34, -0.04; p = 0.01)
) 1 1 1
-1 -0.5 0 0.5 1

Favors n-3 LCPUFA Favors Control

FIGURE 2. Effect size (Cohen’s d and 95% CI) for differences in urine protein excretion between the n—3 long-chain polyunsaturated fatty acid
(LCPUFA) supplementation and control groups, presented by preexisting condition: IgA nephropathy, diabetes, or mixed etiology (other). Pooled effect
size was derived from a random-effects model. The area of each square is proportional to the inverse of study variance in the analysis. Horizontal lines

represent 95% Cls.

(Cohen’s d) was not significant (0.11; 95% CI: —0.07, 0.29;
P = 0.24) (Figure 3). The test for heterogeneity was non-
significant (P = 0.98). In a meta-regression analysis, the change
in urine protein excretion was not associated with change in
GFR (—0.03; 95% CI: —0.98, 0.28; P = 0.24).

DISCUSSION

In pooled analyses of clinical trials of patients with kidney
disease, n—3 LCPUFA supplementation significantly reduced
urine protein excretion but had no significant effect on decline
in GFR. Whereas most individual trials (13 of 17) showed
greater reductions in urine protein excretion in the n—3 LCPUFA
supplementation groups than in the control groups, only 5 of 17
trials reported significant reductions. This likely reflects the
fact that most trials in this meta-analysis were underpowered to
examine the effects of n—-3 LCPUFA supplementation on urine
protein excretion. Whereas pooling results from these small
trials increased our ability to estimate an overall effect, precise
estimates of the effect of n—3 LCPUFA supplementation on urine
protein excretion require adequately powered high-quality trials.
Future studies should determine whether n—-3 LCPUFAs reduce
kidney damage by studying effects on other biomarkers of
kidney injury as well as effects on clinically relevant endpoints.

n-3 LCPUFAs may reduce urine protein excretion through
effects on both renal disease activity and glomerular hemo-

dynamics. Previous meta-analyses examining the effects of n—3
LCPUFA supplements on blood pressure reported that sup-
plementation with a relatively high dose of n-3 LCPUFAs,
generally >3 g/d, results in clinically relevant, albeit modest,
reductions in blood pressure (8, 9). Lower blood pressure may
reduce renal perfusion and reduce GFR; lower urine protein
excretion may simply parallel these renal hemodynamic ef-
fects. The trial by Clark et al (11) provides indirect evidence of
a transient, potentially hemodynamic effect of n-3 LCPUFA
supplements that may account for the observed reduced protein
excretion in patients with lupus nephritis. In this trial, n-3
LCPUFA supplementation (4.4 g/d) reduced urine protein ex-
cretion by 37% at 1y, but the effect disappeared after a 10-wk
washout period. However, because the effect of n-3 LCPUFA
supplementation on blood pressure is modest even at high
doses (9), it is unlikely that this effect will completely explain
the effects of n—3 LCPUFAs on urine protein excretion.
Changes in urine protein excretion do not appear to simply
reflect the effects of n—3 LCPUFAs on GFR. In all studies, GFR
declined in both the intervention and control arms of each study.
The rate of decline was slower in the n-3 LCPUFA supple-
mentation group, but this effect was not statistically significant.
Hence, the observed significant effects of n—3 LCPUFA sup-
plementation on urine protein excretion are not likely the result of
renal hemodynamic effects (blood pressure or renal perfusion
effects), because we would have expected parallel changes in
GFR. Alternatively, n—-3 LCPUFAs may have beneficial effects on
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Author

Diabetes

Jensen 1989 (17) 0.03 (-0.62, 0.69)

Lungershausen 1990 (24) 0.03 (-0.66, 0.73)

Rossing 1996 (22) -0.15 (-0.88, 0.58)
Combined -0.02 (-0.42, 0.38)

IgA Nephropathy
Bennett 1989 (16)
Pettersson 1994 (20)

-0.09 (-0.73, 0.56)
-0.09 (-0.78, 0.61)

Donadio 1999 (25) 0.35(-0.04, 0.73)
Branten 2002 (26) 0.00 (-0.78, 0.78)
Alexopoulos 2004 (27) 0.20 (-0.54, 0.95)
Combined 0.16 (-0.10, 0.42)
Other
Clark 1993 (11) 0.06 (-0.71, 0.83)
Gentile 1993 (19) 0.06 (-0.56, 0.68)
Cappelli 1997 (23) 0.50 (-0.40, 1.39)
Svensson 2004 (28) 0.06 (-0.46, 0.57)
Combined 0.12 (-0.21, 0.45)
Overall 0.11 (95% CI: -0.07, 0.29; p = 0.24)

Cohen’s d (95% CI)
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FIGURE 3. Effect size (Cohen’s d and 95% CI) for difference in glomerular filtration rate between the n—3 long-chain polyunsaturated fatty acid
(LCPUFA) supplementation and control groups, presented by preexisting condition: IgA nephropathy, diabetes, or mixed etiology (other). Pooled effect
sizes were derived from a random-effects model. The area of each square is proportional to the inverse of study variance in the analysis. Horizontal lines

represent 95% Cls.

intermediaries in the pathophysiology of kidney disease, such as
inflammation or reduced oxidative stress (4). Zeman et al (12)
reported that n-3 LCPUFA supplementation lowered urine
protein excretion while lowering circulating conjugated di-
enes—an in vivo marker of oxidative stress. In a mouse model of
type 2 diabetes and obesity (KKA/T), n-3 LCPUFA supple-
mentation reduced urine albumin excretion and inhibited the up-
regulation of the inflammatory marker monocyte chemoattractant
protein (MCP-1) expression without having measurable effects on
blood pressure or GFR, results that suggest benefits beyond he-
modynamic mechanisms (3).

Variability in the effects of n—3 LCPUFA supplementation on
urine protein excretion rates may be due to differences in un-
derlying etiologies of kidney disease in the patient populations.
Five trials were conducted in patients with IgA nephropathy,
which is often a very slowly progressive disease with alternating
periods of activity and quiescence. In all 5 of the trials in patients
with IgA nephropathy and in the lupus nephritis trial, the placebo
groups had significant reductions in urine protein excretion from
baseline, which suggests that participants were randomly as-
signed during a period of high disease activity. In the other trials
that enrolled participants with diabetic kidney or hypertensive
nephrosclerosis, a reversal of the underlying pathology respon-
sible for progression is less likely. Whereas this may be an ar-
gument to pool results of trials that include participants with only
a single underlying disease diagnosis, our results showed
a similar magnitude of effect of n—3 LCPUFA supplementation
on urine protein excretion across the trials pooled by diagnoses

(IgA nephropathy, diabetic nephropathy, and mixed etiologies).
Future trials will need to clearly define the patient population
because findings in kidney diseases with a specific pathology may
not be generalizable to other causes of urine protein excretion.

Whereas our meta-analysis offers insight into the possibility of
a beneficial effect of n—3 LCPUFA supplements on urine protein
excretion, a well-accepted marker of kidney damage and strong
predictor of kidney disease progression, the included studies were
small and many had methodologic limitations. In addition, these
trials typically used very high doses (up to 5.1 g/d) and did not
consistently collect measurements of physiologic explanatory
variables, including GFR, blood pressure, or measurements of
inflammation or oxidation.

As an additional limitation, our results were based on urine
protein (albumin) excretion, a surrogate endpoint. There is in-
terest and controversy associated with the use of urine protein
excretion as a surrogate marker in kidney disease (13). There are
many examples in which therapies that lower urine protein
excretion are thought to be renoprotective (eg, angiotensin-
converting enzyme inhibitors) and provide evidence of concor-
dance between reduced proteinuria and a lower risk of kidney
disease progression. However, there are counterexamples with
discordant results. For instance, nonsteroidal antiinflammatory
drugs acutely decrease proteinuria but increase the risk of kid-
ney injury, whereas dietary protein restriction or lower thera-
peutic blood pressures lower urine protein excretion but have not
been linked to a slower progression of kidney disease (14).
Many trials included in this meta-analysis did not report effects
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on renal glomerular function, and the correlation between
changes in urine protein excretion and eGFR in those trials that
did report or in which GFR could be estimated did not show
a consistent pattern.

In summary, our meta-analysis suggests that n-3 LCPUFA
supplementation lowers urine protein excretion. However, be-
cause many of the trials included in this meta-analysis were
small, future studies designed to examine the potential benefits of
n—-3 LCPUFA therapy must improve on the quality of prior trials
in several ways. First, trials should be adequately powered and
use high-quality measures to estimate changes in urine protein
excretion. Second, the trials should include measurements of
explanatory variables in the pathophysiology of the underlying
disease, including effects on GFR, blood pressure, markers of
oxidation and inflammation, and urine protein fingerprinting,
which may provide insight into whether glomerular or tubu-
lointerstitial injury has been modified. Finally, the efficacy of n-3
LCPUFA supplements in population groups with different un-
derlying causes of kidney disease needs to be determined.
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APPENDIX A

MESH terms used to search for trials within MEDLINE
(PUBMED):

((““Docosahexaenoic  Acids”’[MH] OR “Eicosapentaenoic
Acids”[MH] OR “Fatty acids, unsaturated”[MH] OR ‘Fatty
acids, omega-3”’[MH] OR (fish [TIAB] AND oils [TIAB]) OR
(eicosapentaenoic [TIAB] AND acids [TIAB]) OR (Docosa-
hexaenoic [TIAB] AND acids [TIAB]) OR (polyunsaturated
[TIAB] AND fatty [TIAB] acids [TIAB]) OR PUFA [TIAB] OR
(OMEGA-3[TIAB] AND fatty [TIAB] AND Acids[TIAB]) OR
(N3 [TIAB] AND FATTY [TIAB] AND ACIDS [TIAB]) OR
“fish oils”[MH])) AND ((“kidney diseases” [MH] OR “Di-
abetic nephropathies” [MH] OR ‘“Glomerulonephritis” [MH]
OR “Glomerulonephritis, IGA”[MH OR “renal insufficiency”
[MH] OR “Kidney neoplasms” [MH] OR ‘Nephrosclerosis”
[MH] OR ‘“pyelonephritis”’[MH] OR (kidney [TIAB] AND
diseases [TIAB]) OR (Diabetic [TIAB] AND nephropathy
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[TIAB]) OR proteinuria [TIAB] OR (renal[TIAB] AND in-
sufficiency [TIAB]) OR (glomerulonephropathy [TIAB] AND
membranous [TIAB]) OR (Kidney [TIAB] AND neoplasms
[TIAB]) OR Nephrosclerosis [TIAB] OR pyelonephritis [TIAB]

OR (glomerulonephropathy [TIAB] AND IgA [TIAB]) OR
FSGS [TIAB])) AND ((“Randomized Controlled Trials”” [MH]
OR “Humans” [MH] OR “Double blind method”[MH] OR
““single-blind method” [mh]))



