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Effect of Omega-3 Fatty Acids Supplementation on Homocysteine Level
in Patients Undergoing Continuous Ambulatory Peritoneal Dialysis
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Objective: One of the most common diseases with high morbidity and mortality
rates is chronic kidney disease. Cardiovascular disease affects most patients
with chronic kidney disorders, particularly patients undergoing dialysis; hence,
appropriate prevention and management approaches are essential. This study aimed
to evaluate the reduction of inflammatory biomarkers, especially homocysteine, by
omega-3 fatty acids in peritoneal dialysis patients. Methods: This study enrolled
60 peritoneal dialysis patients who met specified inclusion and exclusion criteria and
were randomized to intervention or placebo groups. Omega-3 capsules were given
at a dose of 3 g/d for 8 weeks. Inflammatory markers, including high-sensitivity
C-reactive protein (hs-CRP), homocysteine, albumin, and lipid profile measured
before and after the study. Findings: Results of this trial revealed that the levels
of homocysteine, hs-CRP, and albumin did not change significantly during the
study. Analysis of lipid profiles before and after intervention showed omega-3 has
no significant effect on the level of total cholesterol or low-density lipoprotein
cholesterol; However, the level of triglyceride reduced remarkably (P = 0.002).
In addition, serum levels of high-density lipoprotein cholesterol increased at the
end of the study (P < 0.001). Conclusion: Omega-3 does not seem to be able
to change the inflammatory markers significantly, particularly homocysteine. More
extensive trials must be conducted to better understand the impact of omega-3 on
inflammatory and nutritional markers, particularly in peritoneal dialysis patients.

KeyworDps: End-stage renal disease, homocysteine, omega-3 fatty acids,
peritoneal dialysis

Homocysteine is a sulfur-containing amino acid that

Cardiovascular diseases (CVDs) are being recognized
as the primary reason for death in patients with
end-stage renal diseases (ESRD)." According to the
reports, the incidence of CVD in patients with chronic
kidney disease (CKD) is estimated to be 25%—60%,
which may be 5-10 times higher than in the age-matched
healthy population.”! Several risk factors increase the
risk of CVD in CKD patients. In addition to traditional
known modifiable risk factors, such as anemia, diabetes,
hypertension, lipid disorders, and metabolic disorders,
some studies suggest that the pathophysiology of CVD
in these patients is also significantly influenced by other
factors such as increased inflammation and oxidative stress,
high levels of lipoprotein A, and hyperhomocysteinemia.”!
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cannot be obtained through diet. It is an intermediate
product that is biosynthesized by methionine
metabolism.!  Homocysteine is an inflammatory
mediator, and its abnormal increase in plasma, known
as hyperhomocysteinemia, can be due to various causes,
including folic acid and B Vitamins deficiency, genetic
disorders, and chronic alcohol consumption.>¢! Multiple
studies have shown that elevated homocysteine levels
adversely affect the endothelium, leading to cell damage,
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coagulation disorders, increased arterial stiffness and
encouraging atherosclerosis, followed by increased
cardiovascular events.””! These findings are of particular
concern because hyperhomocysteinemia occurs in
almost all ESRD patients as renal function decreases.['")
Therefore, homocysteine-lowering interventions in ESRD
patients can reduce cardiovascular events and lead to
positive outcomes. However, the results of clinical trials
to lower plasma homocysteine levels in ESRD patients
are unclear and inconsistent.

One of the factors with homocysteine-lowering
properties is long-chain omega-3 polyunsaturated
fatty acids. Omega-3 fatty acids have cardiovascular
protective properties by improving lipid profile and
reducing inflammation and oxidative stress.'!! In
addition, studies suggest that omega-3 supplementation
may also reduce cardiovascular morbidity and mortality
by lowering homocysteine levels.['>'¥ Several trials have
evaluated the homocysteine-lowering effectiveness of
omega-3 supplements in ESRD patients. A double-blind
clinical trial showed that omega-3 supplementation did
not lower homocysteine levels in hemodialysis patients
compared with controls.'"¥ However, the results of
another study in 100 hemodialysis patients showed that
omega-3 significantly reduced homocysteine levels.!'!

Different treatment strategies such as hemodialysis
and peritoneal dialysis seem to cause other effects on
various parameters, including homocysteine. Filiopoulos
et al. showed that peritoneal dialysis patients had higher
levels of homocysteine and erythrocyte sedimentation
rate (ESR).[' Tt also seems that the higher prevalence
of increased body fat mass, hyperinsulinemia, and lipid
profile disorder in peritoneal dialysis patients causes
more cardiometabolic syndrome in these patients than
in hemodialysis patients.” Nevertheless, studies on
peritoneal dialysis patients are few. In a single-group trial,
19 patients undergoing continuous ambulatory peritoneal
dialysis were treated with omega-3 supplements. The
results showed little correlation between omega-3 fatty
acids and inflammatory markers such as homocysteine
levels. However, this study was a single-group trial, and
the number of participants included was limited, so the
results may be unreliable.['¥]

Given the controversial reports in hemodialysis patients
and the lack of robust clinical trials in peritoneal dialysis
patients, in this study, we made an effort to assess how
omega-3 supplementation affected patients receiving
peritoneal dialysis in terms of their lipid profiles,
homocysteine levels, and other inflammatory markers.

METHODS
The current study was a randomized controlled clinical

trial. Individuals over 18 years of age who underwent
continuous ambulatory peritoneal dialysis for any reason in
two teaching hospitals (Al-Zahra and Khorshid hospitals)
affiliated with Isfahan University of Medical Sciences
were evaluated. Exclusion criteria included a history
of malignancy, known allergies to products containing
omega-3, coagulation disorders and the wuse of
anticoagulants, the use of any anti-inflammatory medicines
or with antioxidant properties, and severe systemic or
infectious diseases.

Isfahan University of Medical Sciences’ local ethics
committee authorized the presented work. All participants
gave their consent in writing after being fully informed.
The trial protocol was registered in the Iranian Registry
of Clinical Trials (IRCT20160713028901N2).

After receiving written informed consent, the Blocked
randomization method was used to assign patients to
intervention and control groups randomly. Patients’
demographic and clinical characteristics, including age,
sex, body weight, current illness, past medical history,
duration of dialysis, and concomitant medications, were
recorded.

For the intervention group, omega-3 capsules
provided by Zahravi Pharmaceutical Company, Tabriz,
Iran (120 mg DHA plus 180 mg EPA) at a dose of
3000 mg per day, ie., 1000 mg with each meal per
day for 8 weeks was prescribed, and placebo was
prescribed for the control group. A physician evaluated
the patient’s clinical symptoms during the treatment
period. Before and at the end of the study, inflammatory
and oxidative stress indexes, including high-sensitivity

C-reactive protein (hs-CRP), homocysteine, lipid
profiles including total cholesterol, triglyceride,
low-density lipoprotein (LDL-C), and high-density

lipoprotein (HDL-C) were measured. At the start and
end of the trial, participants donate 12 ml of venous
blood for analysis after fasting for 8-12 h.

Regular check-ups with patients were conducted to
monitor adverse effects and medication usage. Patients
were asked to inform their physician about regular
medication use, such as what percentage of doses they
may not take in a given period or how much they can
follow the medication regimen.

All analyses were performed using SPSS software
(Statistical Package for the Social Sciences, version 16.0,
IBM company, Chicago, Illinois, United States). Paired
samples test was used to compare the parameter changes
within each group. Furthermore, to compare the changes
in parameters between the two groups, the analysis
of covariance was used. In each case, the proper
nonparametric tests were applied if necessary (due to an
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abnormal data distribution). A P < 0.05 was considered
meaningful.

RESuULTS

Sixty-two patients who met the inclusion criteria and
completed a written consent form were randomly
allocated to one of two groups: intervention or control.
Of these, we excluded 12 patients (five patients in the
omega-3 group and seven patients in the placebo group)
due to noncompliance, hospitalization, unwillingness
to continue the study, and severe peritonitis. As a
result, 25 participants in the intervention group and 27
participants in the placebo group completed the study,
and their data were finally analyzed. Figure 1 illustrates
the study protocol and patient screening during the study.

As shown in Table 1, the mean age of patients in
the omega-3 and the placebo groups was 49.4 years
(range 21-72) and 54.28 years (range 37-79),
respectively. The sex ratio (male/female) in the omega-3
group was 17:8, and it was 16:9 in the placebo group.

Table 2 shows the hematological parameters measured in
two groups before and after the intervention. As can be

Table 1: Demographic information of peritoneal dialysis
patients in omega-3 and placebo groups

Characteristics Omega-3 Placebo
Mean age (years) 49.4 (21-72) 54.28 (37-79)
Sex, n (%)
Male 17 (68) 16 (64)
Female 8(32) 9(36)
Mean BMI 24.4 24.15

BMI=Body mass index

Peritoneal dialysis patients
over 18 years of old

seen, the concentration of triglycerides in the omega-3
group decreased significantly (P = 0.002), while these
changes in the placebo group were insignificant.
Therefore, omega-3 caused a meaningful reduction in
triglyceride concentration.

During the study, the serum concentration of HDL-C in
the omega-3 group increased significantly (P < 0.001),
but this change in the placebo group was negligible. As
a result, omega-3 supplementation significantly increased
HDL-C compared with placebo.

During the study, there was no significant difference in
homocysteine levels between the two groups. In addition,
the study showed no significant changes in serum levels
of hs-CRP, albumin, LDL-C, or total cholesterol.

DISCUSSION
This study investigated the impact of
omega-3 supplementation on patients undergoing

peritoneal dialysis. The findings of this trial indicate
that omega-3 supplementation does not significantly
affect the level of homocysteine and other inflammatory
markers, including hs-CRP and albumin. However,
it can reduce triglyceride levels and increase HDL-C
serum concentration in these patients.

Patients with ESRD who receive peritoneal dialysis
have much higher morbidity and mortality due to CVD.
Disturbances in the hemostatic system and dyslipidemia
are major contributors to this increased risk of CVD.
Other significant risk factors include inflammation,
hyperhomocysteinemia, oxidative stress, anemia, and
uremia.l'”? Patients on dialysis have a 3-45-fold risk
of CVD.PY As a result, treatment approaches for each

Figure 1: Study protocol, patient selection and randomization
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Table 2: Mean values of homocysteine, lipid profiles, and inflammatory markers in placebo and omega-3 groups
before and after study

Parameter Omega-3 Placebo P
Before study After study Before study After study

Homocysteine (umol/L) 21.17+£10.23 18.82+8.64 21.59+10.52 21.42+9.07 0.144
hs-CRP (mg/L) 0.45+0.89 0.31+0.43 0.43+0.80 0.61+0.83 0.057
Triglyceride (mg/dL) 180.56+107.32 145+64.39 177.12+98.79 169.28+77.41 0.002
Cholesterol (mg/dL) 180.52+54.14 173.96+46.36 180.52+55.25 185.24+53.82 0.082
LDL-C (mg/dL) 100.72+36.71 98.16+38.87 103.84+37.25 105.68+39.35 0.446
HDL-C (mg/dL) 40.72+8.26 46.56+6.61 42.28+6.61 42.96+6.51 0.000
Albumin (g/dL) 3.58+0.46 3.73+0.36 3.61+0.39 3.6+0.39 0.409

The results are illustrated as mean+SD. SD=Standard deviation, hs-CRP=High sensitive C-reactive protein, LDL-C=Low-density

lipoproteins cholesterol, HDL-C=High-density lipoproteins cholesterol

of these risk factors should be carefully addressed.
After receiving the omega-3 treatment in this trial, the
serum homocysteine concentration did not significantly
decrease. This result was consistent with the findings of a
few earlier studies on ESRD patients. Peritoneal dialysis
patients may benefit from omega-3 supplementation,
but the evidence is limited. Similar to our research, in a
single-group open-label clinical trial, the effectiveness of
omega-3 on homocysteine and inflammatory markers in
peritoneal dialysis patients was investigated. Twenty-one
patients received omega-3 capsules 1 g/day for 3 months.
The findings reveal that inflammatory markers such as
CRP, hs-CRP, and homocysteine were not significantly
affected by omega-3 supplementation. They suggested
that the small number of participants was the primary
cause of the findings.'"! In 2013, Tayebi-Khosroshahi
et al. reported that the levels of homocysteine in 44
hemodialysis patients decreased significantly after
treatment with omega-3 fatty acids (3 g/day for up to
2 months). As a result, homocysteine was introduced
as a prognostic biomarker of CVD in this group of
patients.['] On the other hand, similar to our findings,
the homocysteine-lowering benefits of omega-3 fatty
acids were not seen in any of the other clinical trials.
Omega-3 (1.7 g/day for 6 months) had no significant
impact on the homocysteine levels of 206 hemodialysis
patients who had verified CVD. A similar study indicated
that taking omega-3 supplements at a dose of 6 g/day
for up to 6 months had no impact on the homocysteine
levels of 69 ESRD patients.' In addition, Xu et al.
investigated the efficacy of omega-3 on lipid profile and
inflammation in ESRD patients. They analyzed the data
from a total of 20 RCTs involving 1461 participants.
This analysis showed that omega-3 supplementation
could reduce triglycerides, LDL-C cholesterol, and
CRP while not affecting other inflammation markers,
including homocysteine.?!

In this study, supplementation with omega-3 fatty caused
a significant decrease in serum triglyceride levels. This

result was in line with most prior studies.”>*! The
beneficial effect of omega-3 fatty acid supplementation
on oxidative stress and cardiometabolic outcomes
in CKD patients was assessed using a systematic
review and meta-analysis. The findings showed that
taking supplements of omega-3 lowers the levels of
total cholesterol, triglyceride, and malondialdehyde.
Results, however,”® indicate that taking omega-3 has
no appreciable impact on HDL-C, LDL-C, or blood
pressure. The fact that CKD is a very heterogeneous
disease should be highlighted. Patients with CKD,
immunoglobulin A nephropathy, and hemodialysis
are generally described as CKD patients; however,
due to significant variability, present results should
be interpreted with caution. Dietary intake, de novo
biosynthesis, and lipid catabolism influence triglyceride
levels in the human body. Omega-3 prevents the
synthesis of triglycerides and fatty acids from scratch
by inhibiting the transcription of sterol regulatory
element-binding protein genes. In addition, by controlling
the activation of the proliferator-activated receptor gene,
omega-3 enhances the clearance of triglyceride-rich
lipoproteins and stimulates the oxidation of fatty acids
as well as the catabolism of triglycerides in adipose and
muscle tissues. The overall result is a shift away from
the storage of triglyceride toward oxidation as the source
of metabolic fuel.?%27]

The 8-week treatment of omega-3 supplements in
our study did not change the total serum cholesterol
and LDL-C levels significantly. Earlier research has
demonstrated that omega-3 fatty acids had no effect on
total cholesterol and LDL-C, which is consistent with our
findings.?>%! In addition, a recent systematic review
revealed that the serum level of LDL-C in CKD patients
was not changed significantly by the administration of
omega-3. However, the findings showed that patients
with CKD who take omega-3s have significantly
lower total cholesterol levels.”® Many studies have
shown that omega-3 positively affects lowering the
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total cholesterol and LDL-C concentrations.**??! There
could be numerous explanations for these seemingly
contradictory findings, including differences in the lipid
profile of patients, duration of the study, and daily dose
of omega-3 supplementation. Because most patients in
our trial had normal serum total cholesterol and LDL-C
levels before the study, we did not anticipate that taking
an omega-3 supplement would affect these levels.

Our study’s results are consistent with those of other
earlier research in that taking supplements of omega-3
fatty acids can increase HDL-C levels.?2%2%31
On the other hand, some researchers suggest that
taking supplements of omega-3 had no impact on
serum HDL-C.»3231  The baseline serum HDL-C
and triglyceride levels may be to reason for these
contradictory results. Research has shown that
HDL-C levels increase when triglycerides in the
blood are reduced.*Y Fazelian er al. showed that
HDL-C levels in CKD patients are unaffected by
omega-3 supplementation. However, a subgroup analysis
of the duration of the treatment revealed that omega-3
had a significant impact on HDL-C levels when given
for longer than 10 weeks.?® This conclusion contradicts
the findings of Zhu er al.®! which discovered that
individuals on dialysis who took omega-3 reported a
significant increase in HDL-C levels after treatment.
According to Eslick et al.’s study, consuming fish oil
may slightly increase HDL-C levels.? In 2016, a study
was carried out on 16 hemodialysis patients. Results
showed that consuming 2 g/day of omega-3 fatty acid for
3 months can cause a significant decrease in triglyceride
levels and increase HDL-C levels. However, total
cholesterol or LDL-C levels did not change after the
end of the study.l'” In 2000, Khajehdehi.”! investigated
how omega-3 fatty acids affected hemodialysis patients
at a dosage of 1.5 g/day for up to 2 months. When
individuals take omega-3 supplements, their HDL-C
and triglyceride levels decrease, but their LDL-C levels
increase, which is not desirable.

Another of the biomarkers of functional status,
serum albumin, did not alter in the intervention group
compared to the placebo, which is consistent with prior
findings.7*% Gharekhani et al.’” reported that omega-3
increased the serum level of albumin compared to the
control group. However, other studies fail to show
the beneficial effect of omega-3 on serum albumin.
Perunicic-Pecovic et al.,*” administering 2400 mg/day of
omega-3 capsule for 2 months increased the serum level
of albumin significantly in patients receiving chronic
hemodialysis. Vernaglione et al. observed a similar
result after giving 2,100 mg of omega-3 supplement to
patients undergoing chronic hemodialysis for 4 months,

)

finding no change in their serum albumin levels.*"! A
placebo-controlled, double-blinded clinical trial was
conducted. They analyze the effect of a liquid form of
protein supplement (containing 18 g protein) together
with four omega-3 capsules after each dialysis session
on inflammatory and nutritional indices in hemodialysis
patients. Indices of nutrition, such as serum albumin
levels, body mass index, and malnutrition-inflammation
score, did not significantly change in maintenance
hemodialysis patients.*! In CKD patients, serum
albumin levels decrease due to a reduction in protein
intake and proliferation in the inflammatory response.
According to some research, serum albumin is more
likely to be a disease marker rather than a nutritional
indicator.™

According to the literature, it seems that omega-3
fatty acids may have a significant impact on human
health, in part by regulating inflammatory responses.
Epidemiologic, experimental, and clinical research
evidence suggests that omega-3 may help treat several
inflammatory disorders, including CVD. Reduction in
the levels of inflammatory markers such as hs-CRP,
lipoprotein-associated phospholipase 2, and oxidized
LDL-C are linked to these effects.*¢4-41 However, the
results of our study did not show any significant effect of
omega-3 on hs-CRP levels. The serum level of the CRP
rises in response to injury, surgery, trauma, infection, and
inflammation. According to research, chronic low-level
inflammation  significantly —impacts atherosclerosis,
which is usually associated with CVD. The hs-CRP
test helps determine a person’s risk of developing CVD
because it accurately monitors low levels of CRP, which
helps identify low but chronic levels of inflammation.
Compared to other acute-phase reactants, hs-CRP offers
higher assay accuracy, reliability, availability, and the
presence of standards for adequate calibration, making
it the analyte of choice for assessing cardiovascular
risk.® According to a meta-analysis, there were no
statistically meaningful differences in serum CRP levels
between the CKD patient cohorts and the omega-3 fatty
acid supplementation group. They would suggest that
the omega-3 fatty acids do not appear to have a positive
impact by lowering inflammation in CKD patients.™! In
2015, Taheri, et al.*? conducted a study to investigate
the effects of omega-3, specifically on Interleukin-6
and CRP levels in peritoneal dialysis patients.
Similarly, omega-3 supplementation did not affect the
aforementioned inflammatory markers after 8 weeks.[*!

Despite the lack of significance in our investigation
into the role of omega-3 supplements in lowering
homocysteine levels and reducing inflammation in
peritoneal dialysis patients, our trial had several
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advantages. It was a placebo-controlled study, and
no severe adverse effects led to patient exclusion.
Furthermore, more interactions with patients help to
improve their compliance. We do, however, acknowledge
significant limitations that should be taken into account
when interpreting the findings. Our study appeared to be
shorter in length than other prior studies. Furthermore,
we employed the traditional “pill counting” method to
track patient compliance, which may be less accurate.
Even though none of the patients complained that the
omega-3 capsules smelled “fishy,” it did not present
in the placebo capsules, which could have impacted
the trial participants’ ability to remain blind. Finally,
although the dietary intake of patients can be a potential
confounder to our intervention, we did not consider it.

In conclusion, our research findings showed that
patients undergoing peritoneal dialysis tolerated
omega-3 supplementation well. The treatment for
2 months was beneficial in reducing triglyceride levels
and increasing HDL-C levels. The study’s outcomes also
indicated that omega-3 supplements did not significantly
alter any inflammatory markers, including homocysteine
levels. The inflammatory markers do not seem to be
substantially affected by omega-3. More extensive
studies are needed to determine the effect of omega-3 on
homocysteine and cardiovascular outcomes, particularly
in peritoneal dialysis patients.
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