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INTRODUCTION

ABSTRACT

Objective: Hypertension and hyperlipidemia are two major risk factors for cardiovascular disease
in continuous ambulatory peritoneal dialysis (CAPD) patients.This study was designed to investigate
the effect of omega-3 fatty acids on blood pressure (BP) and serum lipids in CAPD patients.
Methods: This study was a randomized double-blind clinical trial in which 90 CAPD patients
were randomly assigned to either the omega-3 or the placebo group. Patients in omega-3
group received 3 g/day omega-3 for 8 weeks, whereas patients in the control group received
placebo.At baseline and at the end of 8 weeks, the patients’ BP was controlled, and serum
biochemistry was measured.

Findings: Mean systolic BP decreased (—22.2 + 14.2 mmHpg) in the omega-3 group at the end
of the study while in the placebo group increased (+0.5 * 30.2 mmHg) (P < 0.0001). Mean
diastolic BP of the omega-3 group decreased more (—11.95 + 1.9 mmHg) comparing with
the placebo group (—I.1 £ 17.3 mmHg) (P = 0.001).There were no significant differences
between the two groups in mean changes in serum triglyceride, and total, high-density
lipoprotein, and low-density lipoprotein cholesterol.

Conclusion: The results of this study indicate that omega-3 reduced BP significantly but
had no effect on lipid profile in our CAPD patients.

Keywords: Blood pressure; continuous ambulatory peritoneal dialysis; Omega-3;
serum lipids

those who receive a preemptive transplant, are still
alive 3 years after the start of ESRD therapy — numbers

Continuous ambulatory peritoneal dialysis (CAPD)
is one of the renal replacement therapy modalities
in end-stage renal disease (ESRD) patients. CAPD
patients have many risk factors for cardiovascular
diseases, including hypertension, hyperlipidemia, and
abnormal glucose metabolism. Cardiovascular disease
is a major cause of mortality in ESRD population.

Despite many improvements in care of ESRD patients,
however, only 51% of dialysis patients, and 82% of
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that help illustrate the extreme vulnerability of these
patients when compared to the general population.
Among dialysis patients aged 65 years and older,
for example, mortality is twice as for patients in
the general population suffering diabetes, cancer,
congestive heart failure, cerebro-vascular accident, or
acute myocardial infarction.™

Cold water fish is the main source of eicossapantonoic
and docosahexanoic acids the two major bioactive
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omega-3 fatty acids. Omega-3 fatty acids may have
therapeutic beneficial effect such as decreasing
triglyceride level, uremic pruritus and oxidative stress
and improving dialysis access patency in dialysis
patients through altering cell membrane structure and
function and the synthesis of lipid mediation such as
eicosanoids.™

Epidemiological studies in the last 40 years suggest that
omega-3 fatty acids derived from fish decrease the risk
of coronary heart disease, hypertension and stroke and
their complications. The beneficial effect of omega-3
fatty acids include effects on lipids, blood pressure (BP),
cardiac and vascular function, coagulation and
immunological responses, systemic inflammations,
endothelial function, reduction of pro-inflammatory
responses and cardiac rhythm. Dietary omega-3 fatty
acids are associated with plasma biomarker levels,
reflecting lower levels of inflammation and endothelial
activation in cardiovascular disease and other chronic
and acute diseases, including chronic renal disease,
sepsis, and acute pancreatitis.*'

Data on the use of omega-3 as a drug is limited
in ESRD patients, and only few studies in CAPD
patients are available testing its beneficial effects. In
this study, we aimed to evaluate the effect of omega-3
on BP and serum lipid level of our CAPD patients.

METHODS

In this randomized double-blind clinical trial, we
evaluated the effect of omega-3 on BP and lipid level
in CAPD patients during April and May 2012. All
patients (170 patients) in two CAPD centers in two
university hospitals, were evaluated for inclusion
criteria as: Age 18 years old or more, at least 3 months
on CAPD, has hypertension stage one according to
JNC 7 or normal BP with antihypertensive treatment
and has read and signed the informed consent and
excluded who has history of steatorrhea, malignancy,
thrombocytopenia (platelet count [PIt] <100,000),
abnormal coagulation profile or need anticoagulation
treatment and psychosomatic disorders. All patients
dialyzed with glucose-based CAPD solutions.
Dialysate  glucose  concentrations  (1.35, 2.25,
and 3.75%), number of daily dialysis exchanges, and
antihypertensive medications selected according to
the responsible physician decision.

This study has been conducted by Isfahan Kidney
Diseases Research Center (project No. 290370) as a
sub-special thesis, funded by the Vice-Chancellery
for Research and Technology, Isfahan University
of Medical Sciences, and approved by Ethical
Committee of Isfahan University of Medical
Sciences Isfahan, Iran. The study was registered

by Iranian Registry of Clinical Trials
registration number: IRCT201501112417N16).

(IRCT;

Ninety patients were fulfilled the inclusion criteria,
and randomly assigned by computer-based simple
randomization in omega-3 group and placebo
groups (each 45 patients). Demographic characteristics
including gender, age, body mass index (BMI), and
cause of renal failure, time on dialysis and CAPD
characteristics including number of daily dialysis
exchange, glucose concentration of dialysis solutions,
antihypertensive medications, erythropoietin
dosage, and urine output were recorded. Dialysis
adequacy (based on Kt/V) was calculated at the baseline
and after completion of the study by a standard method
using PD Adequest Software, Baxter®. Biochemistry
analysis including triglyceride, total cholesterol,
high-density lipoprotein (HDL)/low-density
lipoprotein (LDL) cholesterol, prothrombin
time (PT)/international normalized ratio (INR),
partial thromboplastin time (PTT), white blood
cell count (WBC), PIt, hemoglobin (Hb), and
serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP),
serum iron (SI), total iron binding capacity (TIBC),
ferritin tests was measured by autoanalyzer at baseline
and after 8 weeks. Patients in both groups were
advised to be on low salt, high protein (1.3 g/kg) diet.

At the baseline BP was measured after 5 min rest in
sitting position by digital sphygmomanometer from
both arms (if possible) and recorded the higher one
by CAPD nurses and repeated after 8 weeks. A 3-g
fish-oil capsules (omega-3, Zahravi Pharmaceutical
co. Tabriz, Iran) in which every gram contains 180 mg
eicosapentaenoic acid and 120 mg docosahexaenoic
acid was given to omega-3 group patients and
corresponding placebo given to placebo group.

Qualitative and quantitative variables between two
groups were analyzed with Chi-square test and
independent sample t-test respectively. For comparing
the effect of the intervention on BP and lipid profile
within each group we used paired t-test. Initial test
was done on multiple variables, which could affect
as confounding variables on final results with partial
correlation coefficient test to find out parameters
which had a significant correlation in the range
of <0.5. Selected variables then entered to analysis of
covariance test (ANCOVA) for final analysis, with the
use of PASWStatistics 18, SPSS Inc, IBM. P < 0.05 was
supposed to be statistically significant.

RESULTS

All the selected patients completed the trial and
included in final analysis. None of patients in

Journal of Research in Pharmacy Practice / Jul-Sep 2015 / Vol 4 / Issue 3 -




Emami Naini, et al.: Omega-3 effect on the blood pressure of CAPD patients

both groups complaint of any major side-effects to
discontinue the study. During the study period, the
antihypertensive medications was not necessitated to
change.

Patients’” demographic and CAPD characteristics and
laboratory tests data are shown in Table 1 which
showed no significant difference between two arms
of the study population except for TIBC and ferritin
level at the baseline.

During the study period, blood WBC, Plt, Hb, level
and Kt/V, and serum ALT, AST, ALP, SI, TIBC,

Table 1: Comparison of demographic, CAPD
characteristics, and laboratory tests of patients
at the study beginning between omega-3 and
placebo groups

Properties (unit) Study groups P
Omega-3 Placebo
Sex (%) 0.671
Male 24 (53) 27 (60)
Female 21 (47) 18 (40)
Age (year) 57.7£16.3 59.36+13.4 0.6
BMI (kg/m?) 25.02+3.8 255154  0.61

Cause of kidney failure (%) 0.83

Hypertension 19 (42.22) 9 (20)

Diabetes mellitus 17 (87.77) 23 (51.11)

Other 9 (20) 13 (28.88)
Time on dialysis (months) 25.8+26.3 29.4+23.5 0.49
Using at least one daily 16 (35.6) 15 (33.3) 0.82
exchange with dialysis
glucose concentration
more than 1.35%
ACEI/ARB use 24 (53.3) 23 (51.1) 0.83
Number of daily dialysis 3.38+0.65 3.64+1.07 0.16
exchange
Erythropoietin dosage (IlU) ~ 3808+3888 5222+3825  0.09
Urine output volume 886+578 8251627 0.64
(mL/day)
Kt/V 2.06+0.62 2.01+0.67 0.72
WBC (/pL) 6643+1753 6958+2456  0.49
Hemoglobin (g/dL) 11.5+1.6 11.3+1.7 0.45

Platelet (/uL) 207659+80923 203244+65601 0.78

PT (s) 14.0+5.8 13.8+2.7 0.79
INR 1.03+0.05 1.09+0.03 0.11

PTT (s) 29.0+4.9 30.5+4.5 0.14
AST (IU/L) 22.9+7.6 24.8+15.3 0.47
ALT (IU/L) 23.1+8.8 26.4+22.6 0.38
ALP (IU/L) 224+140.8 246.7+124.3 0.43
Serum iron (pg/dL) 70.6+42.7 62.1+24.8 0.25
TIBC (pg/dL) 300.4+54.4 272.9+49.7 0.014
Ferritin (ng/mL) 197.4+189.0 428.8+553.5 0.01

Data presented as number (%) or mean+SD, where applicable. SD=Standard
deviation, ACEI=Angiotensin converting enzyme inhibitor, ARB=Angiotensin
receptor blocker, Kt/V=The formula to estimate dialysis adequacy, WBC=White
blood cell, PT=Prothrombin time, INR=International normalized ratio, PTT=Partial
thromboplastin time, AST=Aspartate aminotransferase, ALT=Alanine
aminotransferase, ALP=Alkaline phosphatase, TIBC=Total iron binding capacity,
BMI=Body mass index, CAPD=Continuous ambulatory peritoneal dialysis

ferritin level did not change in the both groups
significantly, except for increased WBC in placebo
group (6958 + 2457 vs. 7450 + 2613; P = 0.031).

In our study, there were no significant changes in
PT-PTT but only INR level increased in omega-3
group relative to placebo (+0.04 vs.-0.03 P = 0.043).

The mean systolic and diastolic BP changes during
the study between the two groups were significant.
Although at the start of the study, mean systolic
BP in the omega-3 treated was higher than placebo
group (148.6 + 18.3 vs. 140.2 + 19.1, P = 0.036) the
mean systolic BP decreased (-22.2 + 14.2 mmHg)
at the end of the study while in the placebo
group increased (+0.5 + 30.2 mmHg) (P < 0.0001).
Furthermore, the mean diastolic BP of the omega-3
group decreased more (-11.95 = 119 mmHg)
at the end of study comparing with the
placebo group (-1.1 * 17.3 mmHg) (P = 0.001)
[Table 2 and Figures 1 and 2].

With partial correlation coefficient test we analyzed
correlation of multiple variables including baseline
systolic and diastolic BP, age, sex, cause of kidney
failure, number of daily dialysis exchange, use of at
least one daily dialysis exchange with higher glucose
concentration (2.25 and 3.75%), BMI, angiotensin
converting enzyme inhibitor/angiotensin receptor
blocker use as antihypertensive medications,
initial erythropoietin dosage, WBC, Hb, Plt, Kt/V,
triglyceride, cholesterol, HDL/LDL cholesterol, ALT,
AST, ALP, SI, TIBC, ferritin with endpoint systolic
and diastolic BP in each treatment group. For
endpoint systolic BP, significant correlation in the
range of < 0.5 was observed with baseline systolic
BP (r = 0.30, P = 0.004), age (r = 0.15, P = 0.16), cause
of kidney failure (r = 0.18, P = 0.09), use of at least
one daily dialysis exchange with higher glucose
concentration (2.25 and 3.75%) (r = 0.23, P = 0.027),
BMI (r = 027, P = 0.011), initial erythropoietin
dosage (r = -0.14, P = 0.18), AST (r = 0.10,
P =0.35), ALP (r = -0.11, P = 0.32), Kt/V (r = 0.11,
P = 0.31), cholesterol (P = 0.13, P = 0.23), LDL
cholesterol (r = 0.12, P = 0.26), SI (r = -0.14, P = 0.21).
For endpoint diastolic BP, significant correlation
in the range of < 0.5 was observed with baseline
diastolic BP (r = 0.34, P = 0.001), number of daily
dialysis exchange (r = 0.23, P = 0.32), use of at least
one daily dialysis exchange with higher glucose
concentration (2.25% and 3.75%) (r = 0.27, P = 0.12),
BMI (r = 021, P = 0.051), initial erythropoietin
dosage (r = -0.17, P = 0.11), WBC (r = 0.087,
P =042), ALP (r = -0.13, P = 0.23), Kt/V (r = 0.21,
P = 0.05), triglyceride (r = -014, P = 0.18), LDL
cholesterol (r = 0.11, P = 0.31), SI (r = =016, P = 0.14),
TIBC (r =-0.14, P = 0.18).
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Table 2: Comparison of systolic and diastolic BP, t

on the blood pressure of CAPD patients

riglyceride, cholesterol, LDL-cholesterol and HDL-

cholesterol between the omega-3 and placebo groups during the study period

Variables Groups Start of study End of study Mean difference P of mean difference

Systolic BP Omega-3 148.6+18.3 126.4+14.3 -22.2+14.2 <0.0001
Placebo 140.2+19.1 140.7+26.2 0.5+30.2

Diastolic BP Omega-3 85.2+14.2 73.3+10.1 -11.95+11.9 0.001
Placebo 83.6+13.2 82.5+14.1 -1.1+17.3

Triglyceride Omega-3 135.1+54.9 136.1+52.9 1.8+39.9 0.495
Placebo 168.6+x111.1 163.5+87.1 -5.1+55.3

Cholesterol Omega-3 171.7+46.7 161.4+50.9 -10.3+46.7 0.432
Placebo 171.4+59.5 170.5+46.4 -0.9+50.1

LDL-cholesterol Omega-3 97.1+45.3 90.4+£32.4 -6.7+46.7 0.324
Placebo 92.6+34.8 94.2+35.4 1.6+25.1

HDL-cholesterol Omega-3 47.8+11.3 49.1+17.1 1.3+16.3 0.152
placebo 46.2+12.3 43.5+9.6 -2.7+10.1

Data presented as mean+SD. SD=Standard deviation, BP=Blood pressure, LDL=Low-density lipoprotein, HDL=High-density lipoprotein
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Figure 1: Systolic blood pressure decreased significantly
in omega-3 comparing with placebo group during the study
period (P < 0.0001)

In ANCOVA, endpoint systolic BP as a dependent
variable, treatment groups as an independent
variable and including mentioned variables
correlated in the range of <0.5 covariates found
that only being in omega-3 group (B = -17.516,
95% confidence interval [CI]: -26.786—8.247,
P < 0.0001) and baseline systolic BP (B = 0.334, 95%
CI: 0.090-0.577, P = 0.008) had significant effect
and use of at least one daily dialysis exchange
with higher glucose concentration (2.25 and
3.75%) (B = 8.429, 951% CI. -1.033-17.892, P = 0.08)
had trend toward significance on final systolic BP.
Also for diastolic BP, being in omega-3 group (B
= -10.173, 95% CI. -15.289--5.056, P < 0.0001) and
baseline diastolic BP (B = 0.247, 95% CI: 0.063-
0.432, P = 0.009) had significant effect and initial
erythropoietin dosage (B = -0.001, 951% CI: -0.008-
0.001, P = 0.074) had trend toward significance on
final diastolic BP.
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Figure 2: Diastolic blood pressure decreased significantly
in omega-3 comparing with placebo group during the study
period (P = 0.001)

Changes in triglyceride, cholesterol, HDL and LDL
in both groups during the study period were not
significant [Table 2].

DISCUSSION

The first study on the effect of omega-3 fatty acids
on BP was done in 1983 by Singer et al. that observed
using Mackerel diet decreased significantly systolic
and diastolic BP in healthy volunteers.!'!

Cabo et al. suggested that the use of polyunsaturated
fatty acids (PUFAs) may have a role to decrease BP
in mild hypertensive patients before starting drug
therapy.2l

Appel et al. demonstrated that diet supplementation
with a high dose of omega-3, (more than 3 g/day), can
reduce to BP in patients with untreated hypertension.®
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Vernaglione et al. reported that fish oil
supplementation reduced systolic and diastolic BP in
the chronic dialysis patients dramatically.’!

Fish oil that contains omega-3 fatty acids is beneficial
in the prevention of atherosclerosis and thrombosis
and evidence of this has been proved in epidemiologic
research among the Eskimos.['3!

Donnelly et al. in a double-blind cross-over study on
dialysis patients (hemodialysis or peritoneal dialysis)
showed receiving 12 fish oil capsules for 4 weeks
didn’t reduce their BP compared with placebo
group.™™ However, one patient needed increasing dry
weight due to intradialytic hypotension. The cause
may be due to participation of normal BP patients at
the beginning of the study and short term patients’
follow-up as showed in our study that 8 weeks
supplementation need to show the therapeutic effect
of omega-3.

Singer’s study represented that consumption of fish
oil by increasing urinary sodium and decreasing
plasma renin activity reduced BP.["!

Friedman and Moe in a review article concluded that
omega-3 fatty acids are effective in the immune and
inflammatory responses, arteriosclerosis, vascular
reactivity and BP control, cell membrane function,
and gene expression. They also suggested that
omega-3 supplementation may offer a host of benefits
to dialysis patients.™

Little information about blood levels of omega-3 fatty
acids are found in dialysis patients. Some studies
showed that blood levels of omega-3 and omega-6 in
dialysis patients are low,!"*'8! which may be associated
with some uremic signs and symptoms, such as skin
problems, fragility of erythrocytes associated with
anemia, lipid alterations and endocrine dysfunction.

Knapp and Fitzgerald were studied the effect of
different doses of omega-3 and omega-6 in patients
with essential hypertension. They showed that high
doses of fish oil (MaxEPA, 50 ml) reduce BP in
men with essential hypertension. In this study the
vasodilatory effect of prostaglandins (PG12, PG13)
was increased.['”)

Bao et al. show that a combination of omega-3 and
weight loss cause significant reduction of BP and
heart rate in essential hypertensive patients. They
concluded that increased consumption of omega-3
fatty acid from fish may cause a reduction in heart
rate through cardiac/autonomic component, and
vascular effects.*!

In the present study, both the mean systolic and
diastolic BP decreased more in omega-3 group than
placebo group. After controlling for confounding

parameters in ANCOVA test, only use of omega-3
and baseline systolic and diastolic BP had statistically
significant effect on final patients” BP.

It is interesting that this effect was shown in much
lower doses of omega-3 in comparison with previous
studies. It may not only increase compliance compare
with large doses of omega-3 but also decrease
side-effects of the drug as none of our patients
complained of any major drug-related disturbances.

Pei et al. in meta-analysis in patients with ESRD,
evaluated the effect of n-3 PUFA use on plasma
lipids and lipoproteins and concluded that its
consumption significantly lowered the serum
triglyceride levels but had no significant effect on
the degrees of LDL-cholesterol, total cholesterol, and
HDL-cholesterol.[*!

Some studies in different population groups
have shown that omega-3 fatty acids had mainly
reducing the effect on serum triglycerides and had
no or nonsignificant effect on total, LDL, and HDL
cholesterol levels.[?>2

Unsaturated fat supplementation increased total
dietary energy intake to recommended levels, had no
adverse impact on blood lipids, improved nutritional
status as assessed according to dry body weight, and
reduced systemic inflammation as assessed according
to C-reactive protein serum concentrations. Adding
unsaturated fat to the diet seems to be a safe and
effective way to prevent and treat malnutrition in
hemodialysis patients.*”!

In our study, lower total cholesterol, and
LDL-cholesterol levels was observed in omega-3
group at the end of the study, but these changes were
not significant compared to the placebo group.

The omega-3 group showed a trend toward increasing
in HDL-cholesterol level comparing with the placebo
group.

In our study, no saturated fatty acids intake reduction
was applied, so more beneficial effect on lipid
profile would be found if such diet modification was
requested.

During this study, no significant change was found
in the LDL levels in omega-3 group. However,
most studies have reported raised LDL level by
0mega-3.[23'24'26f271

In these studies, rising of LDL level was maybe due
to use of high doses or unpurified fish oil or omega-3
fatty acids such as MaxEPA (that contained saturated
fatty acid and cholesterol) or methylated esters of
omega-3 compared with our study, using purified
omega-3 fatty acids.
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