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Previous studies that have evaluated fish oil preparations in patients with IgA nephropathy (IgAN) have produced a wide
range of conclusions. Proposed explanations for these discordant results have not provided a unifying hypothesis. Results
from two clinical trials were analyzed to examine whether there is a dosage-dependent effect of Omacor, a purified
preparation of omega-3 fatty acids, in patients with IgAN. Whether changes in the level of proteinuria and plasma phospho-
lipid fatty acid profiles were dependent on the dose of Omacor factored by body size was determined. In a post hoc analysis
of the first trial results, correlations were found between (1) phospholipid eicosapentaenoic acid (EPA)/arachidonic acid (AA)
and docosahexaenoic acid (DHA)/AA ratios and the dosage of Omacor, expressed as milligrams per kilogram of body weight
(r � 0.78, P < 0.001 for EPA/AA; r � 0.86, P < 0.001 for DHA/AA), (2) phospholipid EPA/AA and DHA/AA levels and
percentage change in urine protein/creatinine ratio after 21 to 24 mo of therapy (r � �0.50, P � 0.02 for EPA/AA; r � �0.52,
P � 0.01 for DHA/AA), and (3) dosage of Omacor per kilogram of body weight and change in proteinuria after 21 to 24 mo (r �

�0.50, P � 0.02). A similar relationship was observed between urine protein/creatinine ratio and dosage of Omacor per
kilogram of body weight in trial 2 (r � �0.38, P < 0.001). It is concluded from these data that the effect of Omacor on
proteinuria in patients with IgAN is dosage dependent and is associated with a dosage-dependent effect of Omacor on plasma
phospholipid EPA and DHA levels.
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I n the past 20 yr, there has been a series of conflicting reports
dealing with the benefit or lack of benefit when fish oil
preparations, containing varying concentrations of omega 3

fatty acids (O-3FA), are given to patients with a variety of diseases.
This is exemplified by the results that were obtained in studies
that involved patients with IgA nephropathy (IgAN) (1–9), as
summarized in a meta-analysis by Dillon (10). In this report, we
advance and test a hypothesis to explain the previous discordant
trial results. This evolved from a post hoc analysis of results from
our prospective clinical trial of O-3FA in patients with IgAN, the
primary analysis of which was published recently in this journal
(11). We have confirmed our observations using data from the
prerandomization phase of a subsequent trial that is ongoing.

Materials and Methods
Medications

Patients in both of the studies received Omacor, a purified preparation
of O-3FA at a dosage of 4 g/d. The active ingredients in the Omacor
capsules have been developed by Pronova Biocare (Lysaker, Norway).
This preparation is a formulation that consists of 84% highly purified ethyl
esters of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA).

The daily administration of 4 g of this product provides each patient with
1.88 g/d EPA and 1.48 g/d DHA. The study design in each trial incorpo-
rated a provision for patients who had a body surface area (BSA) of �0.875
m2 to receive a lower dosage of Omacor. However, this dosage modifica-
tion was not necessary, because all of the patients were �0.875 m2.

Patients in the first trial were given enalapril (provided by Merck &
Co., West Point, PA) if they were hypertensive at dosages that were
individualized to normalize their BP readings (11). Hypertension was
defined in both studies as either systolic BP �140 mmHg or diastolic
�90 mmHg in adults, and �95th percentile for age in children and
adolescents. Most of the patients in trial 2 were given lisinopril (also
provided by Merck). An initial dosage of 5 to 20 mg/d was doubled
after 1 mo of therapy to 10 to 40 mg/d if no adverse events were
encountered and subsequently increased in persistently hypertensive
patients to a maximum of 20 to 80 mg/d (the actual dosage depending
on body weight; details of dosing regimen available upon request). The
remainder of the patients in the second trial were unable to tolerate
lisinopril; these patients were converted to losartan at a dosage of 25 to
100 mg/d, as tolerated.

Eligibility Criteria
Both studies required (1) a renal biopsy that showed IgAN (this could be

obtained at any time before study entry); (2) estimated GFR (eGFR) �50
ml/min per 1.73 m2 using an age-appropriate formula (Schwartz equation
[12,13] or Cockcroft-Gault equation [14]) or �40 ml/min per 1.73 m2 if the
patient was receiving an angiotensin-converting inhibitor; (3) moderate to
severe proteinuria, which consisted of a urine protein/creatinine (UP/C)
ratio �0.5 on a first morning urine specimen in trial 1 and UP/C �0.6 in
male and �0.8 in female patients in a 24-h urine collection in trial 2; and (4)
age 2 to 41 yr at entry in trial 1 and 7 to 70 yr in trial 2.
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Trial 1
In the first IgAN trial, which was placebo controlled, the primary

goal was to evaluate the efficacy of alternate-day prednisone and that
of Omacor on preserving renal function, in 96 children and young
adults with IgAN. Details of the study design and results of the pri-
mary analysis of the study results have been published previously in
this journal (11). Each patient in the Omacor arm in this trial received
2 yr of treatment. UP/C data that were used in the analyses that are
presented in this article were from first morning urine specimens that
were obtained 18 and 24 mo after starting Omacor.

Trial 2
In trial 2, which is ongoing, all patients are given Omacor 4 g/d

during a 3-mo lead-in period. This is designed to identify patients who
have IgAN and have persistent proteinuria despite a 3-mo course of
lisinopril and Omacor. Such patients subsequently are randomly as-
signed to receive mycophenolate mofetil or placebo. However, the
results that are reported in this article are restricted to the prerandom-
ization phase of the trial. UP/C ratios were obtained before and after 3
mo of therapy in 68 patients as of the time this report was prepared.
These were obtained on overnight urine specimens in nine patients and
24-h specimens in 59 patients. This variability in specimen collection
was the result of a change in study protocol early in the course of the
trial. The findings in the 59 patients and 68 patients both are provided
in the Results section. Two posttreatment specimens were obtained in
each patient, usually on consecutive days, and the mean value used in
the analysis.

Subanalysis of Patients Not Treated with O-3FA Supplements
before Enrollment. Eighteen of the 68 patients had been treated with
a fish oil supplement of varying strength for variable periods of time
before their enrollment in the trial. These patients were set aside, and
the analysis was repeated with the remaining 50 patients.

Controlling for Dose of Lisinopril. Finally, the analysis was con-
ducted in 42 patients who received (and tolerated) lisinopril and who
had received no fish oil before enrollment. In these patients, the anal-
ysis was adjusted for dosage of lisinopril (mg/kg) to control statisti-
cally for its potential effect on change in the UP/C ratio.

Laboratory Studies
Blood and urine specimens were sent to Laboratory Corporation of

America (LabCorp) for routine studies and urinary protein concentra-
tion (using the QuanT7test Total Protein Assay System, which has an
intra-assay coefficient of variation �9.5% for urine; #40-02/87; Haw-
thorne, CA). In the first trial, urine and serum creatinine concentrations
were determined using isocratic (succinic acid-mobile phase) ion-
exchange HPLC with ultraviolet detection, as described previously (11).
This method is sensitive, is free from drug interference and the effect of
noncreatinine chromogens in serum, and provides results that range
from 97 to 102% of those obtained using stable isotope mass spectrom-
etry (15,16). In the second trial, the urine and serum studies also were
done by LabCorp using standard techniques.

Measurement of Plasma Phospholipids. Twenty-three of the pa-
tients who received Omacor had plasma phospholipid fatty acid pro-
files measured in the laboratory of Bruce Holub, PhD, after 21 to 24 mo
of therapy. The methods that were used have been described in detail
previously (17,18).

Data Management
The two clinical trials that provide the data from which this report

was generated have been conducted in 50 clinical centers in the United
States and Canada (see the Appendix for list of centers and investiga-

tors), with overall coordination and data management being housed at
the Administrative Coordinating Center (ACC) that was located at
Medical City Hospital in Dallas, TX, from 1996 to 2004 and St. Joseph’s
Hospital and Medical Center in Phoenix, AZ, from 2005 to 2006.

Data were submitted to the ACC in two forms: Case report forms and
LabCorp reports. LabCorp provides all laboratory data on standardized
report forms. Trained ACC staff members reviewed the incoming forms
for completeness and adherence to coding rules. The data manager and a
clinical coordinator at the ACC completed double entry of the data into the
database. Data from each patient were recorded with a unique contribut-
ing center code, study code, sequence number, and patient initials.

Statistical Analyses
Preliminarily, data were checked to ensure that normality assump-

tions were met. Pearson correlation was used to estimate the linear
relationship between continuous variables. Multiple linear regression
was used to estimate the relationship between dosage of Omacor and
change in UP/C ratio over time and to control for the potentially
confounding effects of lisinopril in trial 2. The criterion for statistical
significance was set at P � 0.05, two tailed. Summary statistics for
interval/ratio data are given as means � SD. Counts (percentages) are
provided for nominal data. All analyses were performed using SPSS
software (version 14; SPSS Inc., Chicago, IL).

Patient/Parent Informed Consent/Assent Procedures
Both of the trials have been conducted under an investigator-initiated

Investigational New Drug (#48,977) in US centers and with the approval of
Health Canada (control no. 076948) in Canadian sites. All participating
sites obtained approval for their involvement in the studies from a local
Institutional Review Board (IRB) or Central IRB (Western IRB). Written
consent (or assent when applicable) was obtained from all participants in
each of the studies.

Results
Trial 1

Twenty-three of the patients in the first trial who received a
24-mo course of 4 g/d Omacor were included in the analysis that
follows. The mean dosage of Omacor in the 23 patients, when
adjusted for body weight, was 59.5 � 29.3 mg/kg per d (range
31.9 to 160). The patients ranged in age from 7.4 to 39.7 yr (mean
19.9 � 9.9), and their average weight was 78.7 � 27.9 kg (range
25.0 to 125.5 kg). These 23 patients and 13 patients who received
placebo capsules had blood drawn for measurement of plasma
phospholipid fatty acid profiles after 21 to 24 mo of therapy. The
results of their phospholipid EPA/arachidonic acid (AA) and
DHA/AA profiles are shown in Figure 1. Each of the patients is
represented by a single point, and the data are grouped according
to whether they received Omacor or placebo.

It is evident that the group of Omacor patients had substan-
tially higher levels of both EPA/AA and DHA/AA than the
placebo group, consistent with previous studies (6). However,
there is a 15-fold range of variability among the levels in
individuals who received Omacor, with the levels of EPA/AA
ranging from 0.06 (comparable to placebo patients, who had
levels from 0.03 to 0.06) to 0.92 (mean 0.42 � 0.25), despite that
all of the patients received the same dosage of Omacor (4 g/d).
This range of values seemed to go beyond the scope of normal
biologic variability and led to additional analysis. The first
possibility that was tested was variability in the level of adher-
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ence to the study protocol among the patients. However, pill
counts that were conducted throughout the trial showed that
overall adherence was 93.5% in the Omacor group and 96% in
the placebo group (P � 0.35). There was no correlation between
EPA/AA or DHA/AA ratios and the level of adherence in
individual patients (r � 0.20). The second possibility, that the
EPA/AA and DHA/AA profiles depended on the dosage of
Omacor per unit of body size, showed a positive correlation.
Individual patient results are depicted in Figure 2. It is apparent
that the patients who were receiving a proportionately higher
dosage of Omacor per kilogram of body weight (and hence
EPA and DHA dosages per kilogram of body weight as shown
in Figure 2) had higher phospholipid EPA/AA and DHA/AA
ratios. Further analysis showed linear relationships between
percentage change in UP/C ratio and both plasma phospho-
lipid EPA/AA and DHA/AA ratios (Figure 3).

As shown in Figure 4, dosage of Omacor was correlated with
percentage change in UP/C ratio (r � �0.50, P � 0.02). The
phospholipid EPA/AA ratios also were correlated with body
weight (r � 0.80, P � 0.001), BSA (r � 0.75, P � 0.001), and
Omacor dosage expressed as mg/m2 BSA (r � 0.82, P � 0.0001).

The phospholipid EPA/AA and DHA/AA ratios also were
closely correlated with each other (r � 0.85, P � 0.001).

Trial 2
Sixty-eight patients were given a 3-mo course of 4 g/d Oma-

cor (mean dosage adjusted for body weight 48 � 14 mg/kg per
d; range 25 to 95 mg/kg). The patients ranged in age from 12 to
61 yr (mean 29.9 � 12.2) and weighed 42.2 to 158.3 kg (mean
88.9 � 23.0). Sixty of these patients received lisinopril at a mean
dosage of 0.36 � 0.18 mg/kg per d (range 0.04 to 1.01), as
tolerated. The other eight patients were intolerant to lisinopril
and were prescribed losartan instead. Percentage fall in UP/C
ratio after 3 mo of therapy in the entire group of patients was
correlated with Omacor dosage (mg/kg; r � �0.38, P � 0.001;
Figure 5). This correlation also was significant when the anal-
ysis was restricted to patients in whom proteinuria was as-
sessed on 24-h urine collections (r � �0.30, P � 0.02).

Patients who received no O-3FA before the trial (n � 50) had a
similar response to the group overall; percentage fall in UP/C
ratio was correlated with Omacor dosage (mg/kg; r � �0.45, P �

Figure 1. Plasma phospholipid eicosapentaenoic acid (EPA)/ara-
chidonic acid (AA) and docosahexaenoic acid (DHA)/AA ratios
in patients who received Omacor (circles) versus placebo (squares).

Figure 2. Relationship between plasma phospholipid EPA/AA
and DHA/AA ratios and dosage of Omacor, EPA, and DHA
(expressed as mg/kg body wt). For EPA/AA versus dosage, r �
0.78, P � 0.001; for DHA/AA versus dosage, r � 0.86, P � 0.001.

Figure 3. Relationship between percentage change in UP/C and
plasma phospholipid EPA/AA and DHA/AA ratios. For
change in urine protein/creatinine (UP/C) ratio versus EPA/AA,
r � �0.50, P � 0.02; for change in UP/C ratio versus DHA/AA,
r � �0.52, P � 0.01.

Figure 4. Relationship observed in trial 1 between percentage
change in UP/C ratio and dosage of Omacor, EPA, and DHA
(expressed as mg/kg body wt): r � �0.50, P � 0.02.
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0.001). In contrast, there was no demonstrable correlation between
percentage fall in UP/C ratio and Omacor dosage (mg/kg) in
patients who had received fish oil supplements before the trial
(n � 18; r � �0.16, P � 0.54). However, this latter result may have
arisen from the fact that we had relatively few patients in this
subgroup and most of them received Omacor dosages per body
weight that were within a narrow range, thus restricting the
potential for defining a dosage-dependent effect.

Among patients who tolerated lisinopril and had received no
fish oil before enrollment (n � 42), when the relationship be-
tween dosage of Omacor and percentage change in UP/C ratio
was adjusted for dosage of lisinopril (g/kg), the percentage fall
in UP/C ratio still was significantly correlated with the dosage
of Omacor (partial correlation � �0.38, P � �0.01).

Discussion
Optimal therapy for patients with IgAN has been a subject of

controversy for �30 yr. One of the more novel therapies,
namely fish oil supplements that contain relatively high con-
centrations of O-3FA, first was described 20 yr ago (1). Subse-
quent studies have revealed conflicting results (2–9). Various
hypotheses have been proposed to explain these discrepant
findings, but they have not resolved the issue adequately. The
dosage of O-3FA that has been used in the various studies has
been variable, but the dosage that has been given to patients
within an individual study has been fixed, regardless of the size
of the patients being treated. The confusing situation with
respect to the discrepant results in the literature was summa-
rized recently by Dillon in a meta-analysis (10).

The rationale for using fish oil supplements in patients with
IgAN is based on the premise that O-3FA may limit the produc-
tion or action of cytokines and eicosanoids induced by the initial
immunologic renal injury. The most favorable findings were re-
ported by Donadio et al. (6), who showed that fish oil slowed the
rate of renal deterioration in adults with IgAN, although there was
no effect on proteinuria. During a 2-yr treatment period, only 6%
of the fish oil group had an increase in serum creatinine concen-
tration of 50% or more, compared with 33% in the placebo group.
However, studies from Australia (2), China (3), and Sweden (5)
reported no benefit from fish oil therapy in patients with IgAN.

Possible explanations for the conflicting findings include differ-
ences in the rate of progression of the disease in different patient
populations, variations in the composition of the fish oil or pla-
cebo that was used, and/or the duration of treatment.

One of the goals of our first IgAN trial was to reevaluate the role
of O-3FA for this condition in children and young adults up to 41
yr of age by monitoring changes in (1) the eGFR and (2) the level
of proteinuria, because this now has been shown to be a good
surrogate marker of progressive renal disease (19–21). However,
in the primary analysis, we were unable to demonstrate any
benefit on eGFR or proteinuria (11). In this report, we have dem-
onstrated, in a post hoc analysis, significant correlations between
the dosage of O-3FA, expressed as milligrams per kilogram of
body weight, changes in the plasma phospholipid fatty acid pro-
files, and changes in the severity of proteinuria. We have con-
firmed the correlation between dosage per kilogram of body
weight and UP/C ratio in a second trial after patients who were
aged 7 to 70 yr received only 3 mo of Omacor (plus lisinopril). We
believe that these observations may provide a unifying explana-
tion for the discordant findings reported previously.

We postulate that the relationship among (1) O-3FA dosing
factored by body size, (2) widely varying plasma phospholipid
03/06 levels, and (3) dosage-dependent outcome effects also may
apply to other conditions. A number of previous trials have drawn
attention to two of these three factors in a wide array of diseases.
For example, in 1990, Bonna et al. (22) showed that decreases in BP
in patients who had mild essential hypertension and received an
O-3FA preparation were more evident in the patients who devel-
oped higher levels of plasma phospholipid O-3FA. The 156 adult
patients in this study all received 6 g/d of an 85% O-3FA prepa-
ration for 5 to 10 wk. The mean ratio of EPA/AA increased from
0.42 to 1.22 (P � 0.0001), and there was a significant inverse
relationship between fall in systolic BP and rise in plasma phos-
pholipid EPA concentration (r � 0.27, P � 0.0007) and DHA
concentration (r � 0.20, P � 0.014). The fall in mean BP was
significantly related to the change in O-3FA levels (P � 0.027).
However, the authors did not report any relationship between
these two sets of observations and the dosage of O-3FA factored
by body size.

In a more recent report, Albert et al. (23) showed that data that were
derived from the Physicians’ Health Study revealed a significantly
lower relative risk for sudden death among men who had higher
O-3FA blood levels. However, the authors also noted that previous
studies of the same cohort found no association between plasma
levels of O-3FA and the risk for myocardial infarction (24). This issue
was evaluated recently in an extensive systematic review of the
potential benefit of O-3FA in improving cardiovascular disease out-
comes by Wang et al. (25). They concluded that O-3FA consumption
reduces all-cause mortality, cardiac death, and sudden death but
noted that the results were inconsistent among studies. In another
recent review, by Arterburn et al. (26), that involved a large number
of studies involving heterogeneous patient populations, it was con-
cluded that blood and tissue O-3FA levels (and potential health
benefits) are modified in a dosage-dependent manner by EPA and
DHA supplements. However, these conclusions were based only on
interstudy comparisons of O-3FA dosages.

Another factor to be considered in the interpretation of our

Figure 5. Relationship observed in trial 2 between percentage
change in UP/C ratio and dosage of Omacor, EPA, and DHA
(expressed as mg/kg body wt): r � �0.38, P � 0.001.
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findings is the potential role of obesity in maintaining higher
levels of proteinuria among patients with greater body
weights. A number of recent publications have implicated
obesity as a causative factor in the induction of proteinuria
(27–29). This possibility cannot be discounted with certainty
in our study. Furthermore, angiotensin-converting enzyme
inhibitors, which also were given to patients in our study,
may have played some role in the varying reductions in
levels of proteinuria. However, the relationship between

proteinuria and Omacor dosage factored by the body weight
persisted when the lisinopril effect was partialled. Hence, we
interpret our observations to be consistent with the hypoth-
esis that Omacor causes dosage-dependent changes in phos-
pholipid EPA/AA and DHA/AA ratios, which are, in turn,
associated with similar dosage-related alterations in the level
of proteinuria. Whether this will translate into dosage ad-
justments in the future treatment of patients with IgAN has
yet to be determined.

Appendix: Participating centers/investigators in IgAN Trial 1 and/or 2

Center Investigator(s)

University of Alabama Bruce Julian, MD; Bryson Waldo, MD
Texas Children’s Hospital, Houston Eileen Brewer, MD
Stanford University Medical Center Steve Alexander, MD
Cook Children’s Hospital Watson Arnold, MD
Arkansas Children’s Hospital Eileen Ellis, MD
University of Colorado HSC Isaac Teitelbaum, MD
University of Tennessee Robert Wyatt, MD
UTHSC at San Antonio Ihsan Elshihabi, MD
UT Medical Branch, Galveston Steven Diven, MD
UTHSC at Houston Ronald Portman, MD
University of Chicago John Dillon, MD
Johns Hopkins University Barbara Fivush, MD
Schneider Children’s Hospital, New Hyde, NY Howard Trachtman, MD
University of Kentucky Medical Center Beth Jackson, MD; Peter Sawaya, MD
Kapi’olani Medical Center–University of Hawaii James Musgrave, MD
Loma Linda University Medical Center Shoba Sahney-Long, MD
Children’s Mercy Hospital, Kansas City, MO Uri Alon, MD
University of Cincinnati John Galla, MD
Cardinal Glennon Memorial Hospital Ellen Wood, MD
Children’s Hospital and Medical Center, Seattle, WA Ruth McDonald, MD
University Medical School, Durham, NC Delbert Wigfall, MD
UCLA Medical Center Ora Yadin, MD
Children’s National Medical Center, Washington, DC Kanwal Kher, MD; Asha Moudgil, MD
SUNY at Buffalo, NY Rocco Venuto, MD
Mayo Clinic, Rochester, MN James V. Donadio, Jr., MD; Dawn Milliner, MD; Fernando

Fervenza, MD
University of North Carolina, Chapel Hill Ron Falk, MD; Debbie Gipson, MD
University of Iowa College of Medicine Craig Porter, MD; John Bertolatus, MD
Dallas Nephrology Associates Sumit Kumar, MD
Rhode Island Hospital Lance Dworkin, MD
University of Florida Robert Fennell, MD; Richard Neiberger, MD
Toronto Hospital, Toronto, Ontario, Canada Daniel Cattran, MD
LSU Medical Center, New Orleans, LA Matti Vehaskari, MD
The Nemours Children’s Clinic, Orlando, FL Jorge Ramirez, MD
University of Rochester Melissa Gregory, MD
University of Michigan Joseph Flynn, MD; Sean Leavey, MD
Carolina’s Medical Center, Charlotte Susan Massengill, MD
Gunderson Lutheran/LaCrosse Philip Dahlberg, MD
Cincinnati Children’s Hospital Fred Strife, MD
Kidney & Hypertension Center, Cincinnati, OH Danny Fischer, MD
Kidney Specialist of Oklahoma Brad Carter, MD
Medical College of Wisconsin Cynthia Pan, MD
British Columbia Children’s Hospital Morrison Hurley, MD
Dialysis Associates, Saginaw, MI Mohammed Bashir, MD
Ohio State University Dan Spetie, MD
St. Justine Hospital, Montreal, Canada Aicha Merouani, MD
St. Joseph’s Hospital and Medical Center, Phoenix Ronald Hogg, MD
Providence Health Care–St. Paul’s Hospital, Vancouver, BC, Canada Beverly Jung, MD
Vancouver General Hospital, Vancouver BC, Canada Choi Kit Yeung, MD
Columbia Nephrology Associates, Columbia, SC Koshy Abraham, MD
Columbia University College of Physicians, New York, NY Gerald Appel, MD
Piedmont Nephrology, Hickory, NC Richard Paul, MD
Capital District Renal Physicians, Albany, NY Jorge Cerda, MD
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