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Effect of Over-the-Counter Fish-Oil
Administration on Plasma Lp(a) Levels
in an End-Stage Renal Disease Population

Kristen M. Beavers, MPH, RD,* Daniel P. Beavers, MS,T Rodney G. Bowden, PhD,*
Ronald L. Wilson, MD,T and Mindy Gentile, MS, RD, LD

Objective: This study sought to examine the effect of n-3 supplementation on lipoprotein(a) (Lp(a)) levels in end-
stage renal disease (ESRD) patients undergoing chronic hemodialysis.
Design: The present study was conducted using a double-blind, permuted-randomized, controlled experimental

protocol.

Setting: This study took place at the Central Texas Nephrology Associates Dialysis Clinic (Waco, TX).
Patients: Patients with ESRD and associated with the Central Texas Nephrology Associates who were undergoing

chronic hemodialysis participated in this study.

Intervention: Patients with ESRD were followed prospectively while receiving supplements of fish oil (treatment,
eicosapentaenoic acid, 0.96 g/day, and docosahexaenoic acid, 0.6 g/day) or corn oil (control subjects) for 6 months.
After a 12-hour fast, participants donated 12 mL of blood for analysis of Lp(a) at baseline and at 6 months.

Main Outcome Measure: The comparison of Lp(a) concentration by group at 6 months was the primary outcome

measure of the study.

Results: Our study suggests that fish-oil supplementation did not decrease levels of Lp(a) (P = .66), compared

with control subjects.

Conclusion: We failed to show a significant effect of 6 months of over-the-counter fish-oil supplementation on
Lp(a) status in an ESRD population, although results from this study support findings from other studies suggesting
that African Americans have higher Lp(a) concentrations than persons of Caucasian decent.
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ARDIOVASCULAR DISEASE (CVD) is
a major cause of morbidity and mortality
in patients with renal failure.' In addition to
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many of the established risk factors for CVD in
the general population, end-stage renal disease
(ESRD) patients also present with uremic dyslipi-
demia, including elevations in lipoprotein(a)
(Lp(a)) and decreased high-density lipoprotein
(HDL) levels.>” Lipoprotein(a) levels were signif-
icantly correlated with coronary artery disease in
numerous studies,“f6 and according to the
National Cholesterol Education Program Adult
Treatment Panel III guidelines, Lp(a) is considered
an emerging risk factor for coronary heart disease.”

Although structurally similar to low-density
lipoprotein (LDL), Lp(a) contains an additional
molecule of apolipoprotein(a) (apo(a)) linked to
apo B-100 through disulfide bonds.® In support
of a proatherogenic role, Lp(a) was shown to be

Journal of Renal Nutrition, Vol 19, No 6 (November), 2009: pp 443—449 443


http://www.kidney.org/professionals/CRN/ceuMain.cfm
mailto:Rodney_Bowden@baylor.edu

444 BEAVERS ET AL

retained more avidly than LDL in the vessel wall.””
" Further, because the structure of apo(a) resem-
bles that of plasminogen, there is speculation that
Lp(a) may interfere with the fibrinolytic system. '?

Although Lp(a) levels are subject to strong
genetic regulation,'” some evidence suggests that
dietary manipulation may aid in its reduction.
Specifically, medicinal levels of niacin have proven
effective in Lp(a) level reduction,'* and epidemio-
logic evidence supports the notion that diets high
in fish may reduce Lp(a) levels."> A present, the
mechanisms linking high fish intake and lower
Lp(a) levels in plasma are unclear. However, n-3
polyunsaturated fatty acids (PUFAs) are speculated
to be the active ingredient. It was suggested that
n-3 fatty acids directly enter the portal vein system
and lower the rate of apo(a) synthesis and/or secre-
tion from the liver.'® In addition, high levels of n-3
fatty acids were hypothesized to result in impaired
assembly of apo(a) with LDL or in enhanced
catabolism.'”

At present, there are conflicting results from
prospective studies regarding the effect of fish-oil
supplementation on Lp(a),18_20 and only one ran-
domized, controlled trial has explored this rela-
tionship in an ESRD population.”! Therefore,
because of elevations in this uremic-specific risk
factor in the ESRD population and the potential
for therapeutic dietary intervention, this study
sought to evaluate the ability of fish-oil supple-
mentation to decrease circulating levels of plasma
Lp(a) in an ESRD patient population.

Methods
Study Population

The ESRD patients associated with the Central
Texas Nephrology Associates who were undergo-
ing chronic hemodialysis participated in this study.
Exclusion criteria for this study included a life
expectancy of less than 6 months (based on physi-
cian prognosis), pregnancy, a history of hemodialysis
noncompliance, previous medication noncompli-
ance, no desire to participate in the study, or age
of less than 18 years. One-hundred patients 18 years
of age and older with a history of dialysis and
medication compliance were identified, and 40
patients agreed to participate. Five participants
from the control group (omega-6 fatty acids, or n-6)
and two participants from the n-3 group did not
comply with the supplement protocol and were ex-
cluded from the final analysis, for a total sample size

of 33 at study completion. However, all noncompli-
ant participants were encouraged to continue
supplementation for the duration of the study, in
compliance with the Declaration of Helsinki and
“intent to treat” guidelines. There were no partici-
pant reports of CVD-related symptoms, and specif-
ically, no findings of palpitations, syncope, clinically
significant episodes of arrhythmia, or other cardiac
manifestations during the study. Patients meeting
eligibility criteria were informed of the require-
ments of the study and signed informed-consent
statements, in compliance with the human-subjects
guidelines of the university and clinics for the pro-
tection of human subjects in research before the
intervention.

Experimental Design and Procedures

The study was conducted using a double-blind,
permuted-block, randomized, and controlled
experimental design, with a four-block permuted
randomization procedure. Each “block” had an
equal number of experimental and control group
selections (two each), with the order of blocks per-
muted. Microsoft Excel was used to generate the
random number used to assign blocks and random-
ize group selection. Participants were randomly
placed into the n-3 fatty acid (experimental,
n = 18) or control (n = 15) group. Participants in
the experimental group consumed two 1-g soft-
gel capsules of over-the-counter (OTC) fish-oil
concentrate with each meal, or 6 g (six capsules)
per 24 hours containing 160 mg of eicosapentae-
noic acid (EPA; 0.96 g/day) and 100 mg of doco-
sahexaenoic acid (DHA; 0.6 g/day). The control
group consumed two 1-g soft-gel capsules of
corn oil with each meal, to accumulate 6 g (six
capsules) per 24 hours. Both groups were in-
structed to take the supplement in the same way.
Outcome variables were measured at baseline
and at 6 months. Furthermore, all patients con-
sumed vitamin supplements that contained
15 mg of Bg, 12 mg of By,, and 2.5 mg of folic
acid.

Supplement Distribution and
Compliance

Participants’ regular renal dietitians distributed
study materials and monitored supplement and
dietary compliance. Dietitians issued a 1-month
supply six times during the study period for each
patient. Moreover, the dietitian and clinic
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physician consulted with the patients three times
per week during dialysis sessions throughout the
study period. Participants were considered com-
pliant if they consumed 90% of the n-3 fatty-
acid soft-gel supplements provided, based on the
common practice of “pill-counting”**** The re-
nal dietician was responsible for monitoring com-
pliance with all patients.

Dialysis Protocol

The dialysis clinics used polysulfone mem-
branes, with 95% using a Fresenius-160 dialyzer,
and 5% using a Fresenius-180 dialyzer (Fresenius
Medical Care, Ogden, Utah), at a dialysate flow
rate of 800 cm’/minute and a mean blood flow
rate of 376.49 cm>/minute. The dialysis dose for
both n-3 fatty-acid and control-oil groups entailed
a Kt/V range of 1.1 to 2.0, with means of 1.35 and
1.38, respectively. All patients ran 4-hour dialysis
duration per unit protocol.

Lipid Analysis

Venous blood samples were collected at baseline
and after completion of the supplement interven-
tion 6 months later. A phlebotomist collected
approximately 20 mL of blood from each partici-
pant (after fasting for 12 hours), using standardized
venipuncture techniques in the antecubital vein.
Venous samples, intended for serum analysis,
were centrifuged and immediately placed in
a cold-storage unit and sent for assay. Lipid profiles
were assessed using gel electrophoresis with
whole-blood samples sent to Quest Diagnostics
(Dallas, TX). The Lp(a) was obtained and is
reported in micromoles per liter (umol/L), as
well as milligrams per deciliter (mg/dL).

Fish-0il and Control Composition

Fish oil and corn oil (control) were quality-
assured and quality-controlled by Royal Numico
Research B.V. (Greenville, SC). Fish-oil soft gels
were packaged in a 1-g capsule that contained
160 mg of EPA and 100 mg of DHA, and 0.9 IU
of d-a tocopherol as an antioxidant. The control
soft gels were packaged in a 1-g capsule of corn
oil (94% unsaturated fat, 6% saturated fat). The
fish-oil and corn-oil supplements were indistin-
guishable from each other, and were “minted” to
have the same flavor. Patients, physicians, and
researchers were blinded to which supplement
patients were consuming. Corn oil was used as

a control in a number of studies associated with

n-3 supplementation and lipid changes.>**’

Statistical Analysis

‘We summarized all baseline demographic infor-
mation using frequencies and percentages for
categorical variables, and means and standard
deviations for continuous variables. We assessed
the primary research question of whether the
fish-oil intervention had a different effect on
Lp(a) concentrations compared with the control,
by using a repeated-measures analysis of variance
(ANOVA) and testing for significance the multi-
variate Wilks’ A statistic for the group-by-time in-
teraction. This allows for appropriate control of
within-individual variability of the data, while
ascertaining whether there is a diftference in Lp(a)
response over time as a result of the intervention.
Of secondary interest, if the first test did not pro-
duce significant results, was the issue of whether
atime effect or group effect existed within the data.

A secondary aim of the study was to explore the
qualities that affect Lp(a) levels, given the findings
of the first portion of the study. We used three
repeated-measures ANOVA models with age,
race, and gender as predictors. This necessitated
removing the three Hispanic individuals from
the data, because the available sample size was
inadequate for a subgroup analysis. The use of
three separate models was necessary, given that
the sample size of the study could not sustain
a model with all covariates and interactions. All
data summaries and statistical results were
produced using SAS, version 9.2 (SAS Institute,
Cary, NC). We performed all comparisons using
a type I error rate of 0.05.

Results

A full summary of baseline characteristics of the
study groups is presented in Table 1. There were
no statistically = significant post-randomization
differences between groups at baseline for any
variable, which we interpret as lending balance to
the two groups. Table 2 contains the primary
results of the study, i.e., whether supplementation
had an effect on Lp(a) values over the course of
the study. The nonsignificant interaction test indi-
cates no significant difference in the effect of either
fish or corn oil on Lp(a) values. Furthermore, no
overall group differences exist, and the effect of
time was marginally nonsignificant. Given that the
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Table 1. Participant Demographics and Baseline
Lp(a) Levels

Lp(a) in umol/L 1. 29 .14)1.14 (0.86) .66
Lp(a) in mg/dL 2) 32 (24) .66

No significant differences were evident at baseline.
Discrete variables are presented as frequencies (%),
whereas continuous variables are presented as means
(standard deviations).

Fish Oil  Corn QOil P Value

n 18 (65) 15(45)
Male 7 (39) 7 (47) .66
Age (y) 57 (13 64 (14) 14
Race .87
White 6 (33) 6 (40)
African American 10 (56) 8 (53)
Hispanic 2 (11) 1(7)
Months on dialysis 36 (28) 21 (12) .08
Presence of diabetes 13 (72) 7 (47) 14
Current smoker 3(17) 5(33) .27

( (

36 (3

means of both groups decreased over the interven-
tion period, this could indicate a downward Lp(a)
trend as a result of treatment with either oil group.

The results of the secondary study endpoint, to
evaluate whether age, gender, or race are signifi-
cantly associated with Lp(a) values, are contained
in Table 3. There were no significant differences
among gender groups, although this may be partly
attributable to the high variability within each
group. The observed data means were substantially
lower for males at each time point, but the large
data variability obfuscated this relationship.
Because of the large data variability, we performed
anonparametric analysis of the data that yielded no
differences in the results. Furthermore, there does
not appear to be a significant relationship between
age and Lp(a) values at either time point.

The relationship between race and Lp(a) concen-
trations indicate a significant difference across racial
groups, independent of the time point of the inter-
vention. African Americans tended to exhibit
significantly higher values of Lp(a) compared with
whites, and the nonsignificant interaction indicates
that neither group changed significantly from
baseline as a result of the intervention.

Discussion

Based on recent reports from the United States
Renal Data System, the prevalence of coronary
heart disease (CHD) in hemodialysis (HD)
patients is 40%, and the CVD mortality in this
group is up to 30 times higher than in the general
population.®® As such, the identification of effec-
tive strategies to attenuate the progression of
CVD in this demographic is warranted. In persons
undergoing HD, the consumption of appreciable
amounts of n-3 PUFA was shown to produce
beneficial effects on varied cardiovascular indices,
including lipids, platelets, and blood pressure,”
and recent research led to the speculation that it
might also lower levels of Lp(a).

In the present investigation, we failed to show
a significant effect of 6 months of OTC fish-oil
supplementation on Lp(a) status in an ESRD pop-
ulation, although results from this study support
findings from other studies suggesting that African
Americans have higher Lp(a) concentrations than
persons of Caucasian decent.”” Although some
studies suggest that fish-oil supplementation can
mediate Lp(a) expression,'®'” our findings concur
with a study of a similar design by Svensson et al.?!
In that double-blind controlled trial, 206 HD
patients were randomized to consume either
1.7 g/day of n-3 fatty acid (EPA, 45%; DHA,
37.5%) or olive-oil capsules for 3 months. Partici-
pants were evaluated at a clinical examination and
via blood sampling at baseline and after 3 months
of treatment. Although the results of the trial
suggest that n-3 PUFA supplementation lowers
serum triglycerides, fish-oil supplementation was
not shown to significantly affect other plasma
lipids or lipoproteins, including Lp(a).

Given the inconsistencies in the literature, it is
of interest to determine why some studies support
the effectiveness of a fish-oil dietary intervention
to lower Lp(a), and others do not. After reviewing
the relevant study designs, we believe such incon-
sistencies may be explained by different treatment
durations, n-3 PUFA dosages, patient populations

Table 2. Results of Repeated-Measures ANOVA by Group

Fish-Qil Group, umol/L (mg/dL)

Corn-Oil Group, umol/L (mg/dL) Test

P Value

Lp(a) at baseline
Lp(a) after intervention

1.29 + 1.14 (36 = 32)
1.14 + 1.29 (32 + 36)

1.14 + 0.86 (32 = 24)
0.86 = 0.54 (24 + 15)

Group * Time .66
Group .52
Time .09

Data are expressed as means *+ standard deviations.
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Table 3. Analysis of Changes in Lp(a) by Important
Confounders

Variable Test for Significance P Value
Age Age .81
Time 12
Age * Time .22
Race” Race .03
Time 11
Race * Time 9
Sex Sex 2
Time .11
Sex * Time .6

*Hispanic subjects were omitted because of small
sample size (n = 3).

assessed, and biological wvariability in Lp(a)
measurement.

By far, the most compelling support for the
a Lp(a)-lowering effect of fish oil is epidemiologic
in nature. The genetically controlled population-
based study of Marcinova et al."” provides the
most persuasive evidence that the dietary content
of n-3 PUFA can interfere with the expression of
Lp(a). Those authors assessed the Lp(a) levels of
two Bantu populations of Tanzania, one living
on freshwater fish (n = 622), and the other living
on a mainly vegetarian diet (n = 686)."” These
populations were selected because they are largely
genetically and environmentally homogeneous,
with the exception of dietary intake. As such, the
researchers hypothesized that any observed dispar-
ities in Lp(a) levels must be due to differences in
diet. When plasma Lp(a) levels were assessed,
a 48% difference was found between groups
(0.96 umol/L [27 mg/dL] in the vegetarian popu-
lation, and 0.50 umol/L [14 mg/dL] in the fish-
diet population; P <.0001). Further, to control
for the variability in apo(a) size known to influence
Lp(a) levels, a subset of the population was selected
(n =410 per village) and matched for apo(a)
phenotypes. In doing so, median Lp(a) values
were still found to be 40% lower in the fishermen
than in the reference population. This elegantly
designed study, which attempted to control for
genetic variation in Lp(a) levels, strongly suggests
that diets high in fish (and the associated fish oil)
can be effective in lowering Lp(a) levels.

Unlike the Bantu population that subsisted on
a primarily fish-based diet, participants in our
study were under no such dietary control.
Moreover, it may not be realistic to presume that
the results of a randomized, controlled trial

assessing 6 months of OTC fish-oil consumption
would be comparable in dose or duration to a life-
time of fish intake.

Moreover, compared with clinical trials that
showed the Lp(a)-lowering effect of fish oil,'®"
our study used comparable amounts of n-3
PUFA (1.57 to 4.5 g/day) for a longer period of
time (6 to 12 weeks), but the patient populations
significantly differed. Specifically, those studies
looked at healthy volunteers and persons with
elevated triglycerides, whereas our study exam-
ined a chronically ill patient population. Among
other risk factors, Lp(a) levels are significantly
elevated in ESRD patients.”’ Therefore, it is
reasonable to speculate that the plasma level of
Lp(a) may have been elevated for a prolonged
period of time, and to such an extent that dietary
supplementation occurred too late in the morbid
condition to produce beneficial results.

A rather interesting and unexpected finding of
this study is a trend of decreasing Lp(a) emerging
in the corn-oil (control) group. Corn oil has
been used routinely as a control oil in lipid stud-
ies, > but limited evidence, published after our
data were collected, suggests a beneficial effect of
corn oil on lipids and Lp(a).”> Willett** suggested
in a review that n-6 fatty acids may play a role in
reducing the rate of CVD, specifically through
the reduction of lipid levels and Lp(a). However,
a review of the literature of n-6 as a treatment oil
for elevated lipids in ESRD patients revealed
only one related study.” Khajehdehi™ reported
decreased LDL and increased HDL in ESRD
patients who supplemented 4.5 g of corn oil for
2 months, but did not report Lp(a) changes.
Therefore, the effect of corn oil on lipid levels in
the HD population remains to be well-elucidated,
and this finding should be reported with caution.

Limitations

A few limitations of the study design are worth
noting. First, compliance to the dietary protocol in
our study was assessed using the standard method
of pill-counting. Although good compliance was
reported in all participants retained for analysis
(>90%), future studies should use more objective
measures, such as in vivo testing to confirm patient
compliance. Second, although supplements were
quality-controlled and quality-assured by the
manufacturer before shipping, OTC supplements
can have significant variation in content.
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Therefore, the amounts of DHA and EPA per
capsule may have varied, thereby decreasing the
likelihood of detecting a significant difference in
Lp(a) concentration. Third, in terms of assessing
cardiovascular risk, the way in which Lp(a) was
measured in our study, although widely practiced,
ignores the variation in apo(a) gene size when
quantifying Lp(a) levels. Several studies showed
that Lp(a) particles that carry small apo(a)
molecules are associated with increased cardiovas-
cular risk,”*** especially in ESRD patients,” and
therefore may provide limited information on true
cardiovascular risk. Lastly, the large intra-
individual variability of our dataset may have lim-
ited our ability to observe a significant effect of fish
oil on Lp(a). Values of Lp(a) in our dataset ranged
from 0.02 to 3.26 umol/L (0.6 to 91.3 mg/dL) at
baseline, and 0.02 to 3.81 wumol/L (0.5 to
106.9 mg/dL) after supplementation, with intra-
individual before-and-after differences from
—2.40 to 0.92 pmol/L (—67.1 to 25.8 mg/dL).
However, given the current assessment technol-
ogy, such variability may be common. Marcovina
et al. showed that the biological variability for
Lp(a) is high, ranging anywhere from 1% to
51%, depending on Lp(a) concentration.”” Future
research should focus on the nature of the variabil-
ity of Lp(a), i.e., whether such variability is largely
biological in nature, or reflects a flaw in the
measurement process. In the present study, a larger
sample size could have overcome the loss in power
due to the sizable variability of data.

Conclusions

Levels of Lp(a) are poorly understood and
seldom studied in ESRD patients. Our study
followed patients prospectively for 6 months while
supplementing fish oil in their diet, using an OTC
product. The results of our study suggest that
fish-oil supplementation did not decrease levels
of Lp(a). Yet, as evidenced by trends in our fish-oil
and corn-oil groups, further study is warranted for
both n-3 and n-6 fatty acids. Furthermore,
researchers demonstrated a positive eftect on other
lipids after n-3 supplementation, suggesting the
need for further study.
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