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Abstract
Chronic Renal failure patients on dialysis are at a high risk of death due to vascular calci�cation (VC).
This study aimed at investigating the effect of omega3- fatty acids on the vascular calci�cation
biomarkers fetuin-A and Osteoprotegerin (OPG) in patients with chronic renal failure (CRF) who are
undergoing hemodialysis. This prospective, open-label, controlled, parallel study included 60
hemodialysis patients who were randomized to receive either omega-3 fatty acids capsule along with
their standard care of treatment (omega-3 group) or their standard care of treatment only (control group).
Serum levels of fetuin-A, OPG, calcium, phosphorus, hemoglobin, parathyroid hormone (PTH), blood urea
nitrogen (BUN), albumin (ALB), serum creatinine (SCr), and serum triglycerides (TG) were measured at
baseline and after six months of intervention and follow-up of both groups. Signi�cantly increased levels
of fetuin-A and OPG (p<0.001) were observed in the omega-3 group six months after the intervention
compared with the control group. Levels of calcium, phosphorous, hemoglobin, parathyroid hormone,
BUN, albumin, SCr, and TG were not signi�cantly changed in the omega-3 group or the control group after
six months of intervention. Our study concluded that omega-3 may have a clinically bene�cial effect in
decreasing cardiovascular events by increasing the levels of the protective vascular calci�cation
inhibitors fetuin-A and osteoprotegerin in chronic renal failure patients who are undergoing hemodialysis.

Introduction
Cardiovascular disease (CVD) is known to be a major cause of death in chronic renal failure (CRF)
patients who are undergoing hemodialysis (HD) [1].The most contributing factor is the large arteries
damage due to the occlusion or the stiffening that occurs as a result of increased calcium content and/or
widespread calci�cation [2]. In vitro studies showed that vascular calci�cation (VC) mainly occurs in
vascular smooth muscle cells (VSMCs) which are the main constituents in the medial arterial layer [3]. VC
is a passive process due to the increased serum levels of phosphate and calcium phosphate products
that leads to plasma oversaturation [4]. In uremic patients, a decline in the normal calci�cation inhibitors
levels, fetuin-A, and OPG, linked to an increase in the calcium-phosphate deposition in the extra-skeletal
tissues [5].

      Fetuin-A is a homologues glycoprotein produced in the human liver, then secreted in the blood stream
[6]. A pervious animal study conducted on mice with fetuin-A knockout illustrated that fetuin-A is a potent
inhibitor of ectopic calci�cation [7] because it plays an important role in the inhibition of calcium
phosphate deposition in smooth tissues [8]. Long-term HD patients showed lower levels of fetuin-A when
compared with the healthy individuals [9]. 

     OPG is glycoprotein that expressed in many body tissues, such as blood vessels, bones [10] and
VSMCs [11]. OPG is a member of the tumor necrosis factor (TNF) receptor family, binds to the ligand for
receptor activator of nuclear factor kappa B and inhibits bone loss and resorption [12]. It has been
reported that OPG inhibits plaque progression by preventing lesion and calci�cation of blood vessels [13].
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     Over the past few years, a various research demonstrated the e�cacy of omega 3 supplementation in
treating various diseases as adding omega-3 to simvastatin with dietary modi�cations improved non-
HDL-C and other lipid and lipoprotein parameters more than using simvastatin alone in patients with
elevated serum triglyceride (TG) [14]. Omega 3 have a synergistic cardio-protection when added to
metformin by improving myocardial ultrastructure and its autophagic activity [15]. Other studies reported
that high dose omega-3 fatty acid administration ameliorates acute and chronic vascular in�ammation
and may lower the incidence of heart failure [16, 17], slows down the progression of atherosclerosis
[18]  and might have anti-in�ammatory effects against CVD in HD patients [19]. Recent study suggested
that omega-3 fatty acids, a group of polyunsaturated fatty acids (PUFAs), have a positive effect in the
treatment of different renal diseases such as diabetic nephropathy and cyclosporine nephrotoxicity [20].
In patients with NAFLD, studies showed that omega-3 may help in decrease liver fat, improving fatty liver
and may also improve blood lipid levels and obesity [21]. Moreover, eicosapentaenoic acid (EPA)
supplementation enhanced the cognitive function and was superior to docosahexaenoic acid (DHA) [22].

From this prospective especially there is no study investigated the impact of oral omega 3
supplementation on vascular calci�cation biomarkers Fetuin A and Osteoprotegerin in hemodialysis
patients. Our study aimed at evaluating the effect of omega-3 supplementation on the calci�cation
inhibitors’ biomarkers fetuin-A and OPG in HD patients. 

Patients And Methods
2.1 Design 

A randomized controlled, open-label, parallel study enrolled 60 female patients with CRF on hemodialysis,
from Nephrology Unit at Al Mouwasat University Hospital between January 2019 and May 2020. Patients
on HD were randomized by a computer-generated randomization list in a 2:1 ratio to receive either
omega-3 fatty acids (1g/day) with their standard care of hemodialysis treatment for six months in the
omega-3 group or their standard care of treatment only in the control group.  Patients were managed
according to an institutional protocol based on the Good Clinical Practice Guidelines and Standard
Protocol Items: all patients received standard of care dialysis at their usual satellite dialysis units during
the conduct of this study [23]. This study was approved by the Faculty of Pharmacy- Damanhour
University Ethical Committee (No: 418PP6) and registered on clinicaltrial.gov under identi�er
NCT03982966. All participants signed informed forms the before biggening of the study.

2.2 Patients 

Out of 109 dialysis patients who were screened for their eligibility, 63 patients were enrolled in the study.
The inclusion criteria included 25 to 75 years old female patients with CRF on HD performed three times
per week for at least six months prior enrollment to the study. Patients with active infections, known
malignancy, connective tissue disorders, in�ammatory diseases, or recurrent bleeding were excluded. In
addition, those have been recently undergoing dialysis for less than six months, male patients, currently
using warfarin or taking anticonvulsants, glucocorticoids, or immunosuppressant drugs were excluded.
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During the study period, all participants were asked to maintain their regular medications and follow their
regular diet and level of physical activity. The patients were interviewed three times weekly during their
routine HD sessions to encourage adherence to the recommended supplement regimens, and to
recognize the tolerance and the possible side effects of the trial supplementation. Any changes in their
medications, and patient complaints were recorded throughout the study. Pill count was used to monitor
the participants adherence and was calculated as the number of pills taken by subtracting the number of
pills left in the bottle during a patient scheduled re�ll from the number of pills given. The number of pills
participants were expected to have taken was calculated by multiplying the daily dose by the number of
days since the date of pills dispensed. The number of pills taken was then divided by the total number of
pills at the beginning, which was then multiplied by 100 to get the percent of pill count adherence [24]. We
de�ned successful adherence on pill count as 95-100% of pills taken during follow-up appointment and
less than 95% of medication taken considered to be poor adherence. Those with poor adherence were
excluded from the study. Body Mass Index (BMI) was calculated using the following equation [25]:
BMI=Weight (in kilograms)/squared height (in meters). 

2.3 Blood Samples and Laboratory Evaluation 

Blood samples were drawn before the dialysis session then centrifuged and stored at -80°C until the
analysis at baseline and after six months of intervention. Fetuin-A and OPG were assessed by the
enzyme-linked immunosorbent assay (ELISA) kit (Sunred Biological Technology, Shanghai, China),
according to the manufacturer’s directions. Triglycerides, albumin, serum creatinine, BUN, phosphorus,
calcium, hemoglobin, and PTH levels were measured using the enzymatic colorimetric method. 

2.4 Statistical Analysis

Analysis was performed using SPSS software statistical computer package version 25.0 (SPSS Inc,
Chicago, IL, USA). Kolmogorov–Smirnov, and Shapiro–Wilk normality tests were used to assess
Normality of the studied parameters.  Variables that do not follow normal distribution are expressed as
median (range) and were analysed using  Wilcoxon signed ranks test to compare before and after the
intervention and Mann–Whitney test to compare between both groups. Continuous normal distributed
data were presented as Mean ± Standard Deviation (SD). Student’s t-test was used to compare between
groups. after six-month of intervention. Qualitative data were described as numbers and percentages and
were analyzed using the Chi-Square test. Association between measured variables was performed using
the Spearman’s rank correlation coe�cient. Receiver operating characteristic (ROC) curve was plotted,
and the area under the ROC curve was calculated to describe the predictive accuracy of different markers.
All analyses were initially performed on an intention-to-treat (ITT) basis. It was considered statistically
signi�cant when p < 0.05.

Results
3.1 Baseline Characteristics
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Enrollment and follow-up process of the participants are demonstrated in Figure 1. Out of 63 female
patients who participated in this study, two patients in omega-3 group lost to follow up and only one
patient follow in the control group lost to follow up . Accordingly, 60 patients were included in the �nal
analysis; 20 patients in the control group and 40 patients in the omega-3 group. 

Patient’s baseline data and characteristics are summarized in Table 1. At baseline, non-signi�cant
differences were found between the omega-3 and the control groups regarding the age (48.7 ± 11.2 vs
49.3±12.2 years, p=0.85), BMI (25.2 ± 3.5 vs 26.3±3.5 Kg/m2, p=0.25), duration of dialysis (9.9± 6.6 vs
9.4± 5.7 years, p= 0.75) and the associated diseases (p>0.05) , respectively. 

3.2 Clinical Blood Biochemical Analyses

Comparison between the omega-3 and the control groups at baseline and after six months of intervention
and follow-up is shown in Table 2. Levels of fetuin-A and OPG were increased after six months of omega-
3 supplementation (p <0.001) compared with baseline. On the other hand, levels of fetuin-A, and OPG
were not signi�cantly changed in the control group after six months compared with baseline. As shown in
Table 2 and Figure 2 and compared to control group, Fetuin-A  was increased after six months in the
omega-3 group and was decreased in the control group (p=0.005) . OPG level increased in both studied
group during the study period with more increase in the omega 3 group with statistically signi�cant
difference as compared to the control group (p = 0.015). Serum creatinine, BUN, phosphorus, hemoglobin
and PTH levels were not signi�cantly changed in the omega-3 or the control groups after six months
compared with baseline (p>0.05). TG Serum levels were signi�cantly decreased in both groups at the end
of the study period compared with baseline. The mean differences in the serum TG levels were not
statistically signi�cant between both groups.

Serum albumin levels were increased in the omega-3 group and decreased in the control group at the end
of the study period. However, a non-signi�cant difference was observed comparing both groups after six
months of intervention (p= 0.360) (Table 2).  At the end of this study, the mean serum Ca levels were
signi�cantly decreased in the omega-3 group (p = 0.046), whereas there was a non signi�cant reduction
in the control group (p = 0.16), when compared with baseline level (Table 2). The decrease in serum Ca
levels in the omeg-3 group was not statistically signi�cant compared with the control group (p = 0.26).

Omega-3 intake was tolerated during the study and no patients reported any serious side effect. Two out
of 40 (5 %) patients complained about the large capsule size that make it hard to swallowed. However,
patients were advised to take their Omega 3 supplements with a large cup of water. Only �ve out of 40
patients (8 %) reported that they had mild gastrointestinal tract (GIT) symptoms such as nausea and
diarrhea which are slightly decreased when taken with food. Furthermore, three patients reported �shy
smells and anorexia with omega-3 supplementation, as shown in Table 3.

Figure 3 shows the Spearman’s correlation analysis, a signi�cant positive correlation was observed
between fetuin-A and OPG levels (r= 0.457, p <0.001**) after six months of omega-3 intake.  
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Figure 4 shows the ROC curve for fetuin-A and OPG levels after six months of omega-3 supplementation.
The AUC values associated with these ROC curves were 0.725 (P =0.005; 95% CI 0.586–0.864), and 0.693
(P =0.015; 95% CI 0.554–0.832) for fetuin-A and OPG, respectively.

Discussion
       In the presented study, we enrolled 60 HD patients to study the effect of omega-3 supplementation
after six months on the vascular calci�cation biomarkers fetuin-A and OPG. Serum levels of fetuin A and
OPG were signi�cantly increased after six months of omega-3 supplementation compared with baseline
in the studied hemodialysis patients. These �nding are in consistence with a previous study, conducted
on 47 patients on dialysis, which concluded that increased fetuin-A levels after omega-3 FA
supplementation for six months may work positively for dialysis patients in the aspects of nutrition,
mortality, and VC [26]. 

         The cardioprotective role of omega-3 in HD patients is owing to  the decrease in the carotid intima-
media thickness (CIMT) hindering the progression of atherosclerosis [27] or through the modulation of
vascular calci�cation biomarkers such as fetuin-A [26] and the RANKL/RANK/OPG system in mice with
metabolic syndrome [28]. In patients undergoing long-term HD, the VC process was found to be a very
common adverse eventthat �nally leads to CVD [29]. The leading cause of death in HD patients is
atherogenesis which is interconnected with both VC and in�ammation [30].  Fetuin-A glycoprotein is a
calcium regulator that inhibits the precipitation of calcium phosphate and plays an important role in both
calci�cation and in�ammation processes [31]. Fetuin-A serum levels during acute in�ammation are
rapidly downregulated [32]. A previous cross-sectional study enrolled 312 hemodialysis patients
 demonstrated that  fetuin-A serum levels were signi�cantly lower in hemodialysis patients than in
healthy controls. In addition, fetuin-A de�ciency is associated with in�ammation and links vascular
calci�cation to mortality in patients on dialysis [8]. In consonance with our results, Ozyazgan   et al.,
found that levels of fetuin-A were increased after omega-3 intake for two months in diabetic patients [33].
Other researchers found that levels of fetuin-A are positively associated with metabolic syndrome (MetS),
the accumulation of visceral adipose tissue (VAT) and the insulin resistance in the normal healthy
population [34; 35].

      It was proved that fetuin-A inhibits in vitro vesicle-mediated VSMC that plays a bene�cial role in CRF
patients [36]. Furthermore, levels of fetuin-A are inversely related to valvular calci�cation in peritoneal
dialysis patients [37].  In the early stages of calci�cation high levels of fetuin-A were found in children
undergoing HD. This may be explained by its protective role against prolonged calci�cation and
in�ammatory environment [38]. The present study found a positive correlation between fetuin-A and OPG,
this �nding is in consistence with Koluman et al., study [39] who found that both biomarkers increased in
diabetic patients.  Additionally, this study found that the levels of OPG were signi�cantly increased in
patients after being supplemented with omega-3 compared with the control group. Consistently Kolahi et
al., [40] illustrated that the levels of OPG were signi�cantly increased in female patients suffering from
rheumatoid arthritis after being supplemented with one gram �sh oil per day for three months. Similarly,
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the OPG level was increased in hyperlipidemic patients who received 0.5 liter of forti�ed milk with �sh oil,
oleic acid, and vitamins per day for one year [41]. On the contrary, Zakaria et al., [42] found that serum
OPG levels showed non-signi�cant changes following the daily administration of the combined
supplementation of �sh oil with antioxidants such as wheat germ oil (WGO) for four months.  Another
study, conducted on 127 postmenopausal women with moderate cardiovascular risk, showed a decrease
in total cholesterol, however, the levels of OPG were not changed after 12 months of consuming 40
mg/100 mL of EPA and DHA [43]. Our results from the ROC curves showed that fetuin-A levels followed
by OPG levels could be used as predictor biomarkers in HD patients for VC progression and
development after six months of omega-3 intake. In general, OPG is known to be a  prognostic marker of
mortality in ESRD because it plays a major role in the VC process [44]. Another study suggested that the
measurement of OPG levels should be added to the routine biological follow up for HD patients. Results
from another study, that followed up prospectively 185 HD patients for two yearsillustrated that the
elevation of OPG level can be used as strong predictor of mortality in HD patients. this suggests that OPG
is a vascular risk factor, particularly, in patients who have high C-reactive protein levels [45].

       The presented study showed that omega-3 supplementation for six months did not affect the levels
of serum creatinine, BUN, phosphorus, PTH and hemoglobin. Consistently the levels of PTH, phosphorus,
and hemoglobin were not changed in 23 HD patients after receiving 3000 mg of Fish oil (omega-3 fatty
acids withwheat germ oil) for four months [42]. Similarly,  after ingestion of 1800mg of omega 3 fatty
acids for four months , the levels of PTH were not signi�cantly changed [46]. Furthermore, Vernaglione et
al., [47] did not �nd a signi�cant difference in hemoglobin after 12 months of omega-3 (2gram/daily)
intake in HD patients. As opposed  to our results, a study that used 2.4 gram per day for seven weeks in
HD patients, revealed a slight increase in hemoglobin levels [18]. 

 In our study calcium levels were signi�cantly decreased in the omega-3 group, whereas there was a non-
signi�cant reduction in the control group. On the other hand, another a pervious study showed a slight
increase in calcium levels after omega-3 supplementation for 12 weeks in peritoneal dialysis patients
[48], and for four months  HD patients [42].  The present study revealed that albumin levels were slightly
increased after omega-3 supplementation compared with the control group. In agreement with our study,
an earlier study conducted on HD patients, showed that albumin levels were slightly increased in patients
who completed their omega-3 with protein supplementation regimen for six months [49]. Our study found
that serum triglycerides levels were signi�cantly decreased in the Omega 3 group and the control group
as compared to the baseline, with no signi�cant difference between both groups after six months of
intervention. This may be attributed to the use of heparin in HD therapy, various therapy-related factors
(such as statin, niacin and �brate) which are thought to cause modi�cations in triglyceride and
triglyceride-rich lipoproteins [50]. Some investigators have reported that dialysis using synthetic
membranes with high-�ux characteristics resulted in a reduction of triglyceride rich lipoproteins and an
increase in HDL cholesterol and apoA1 levels [51]. 

This �nding comes in agreement with another study that found a signi�cant reduction in serum
triglycerides compared with baseline after ten weeks of omega-3 intake in HD patients [52]. Omega-3 is a
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well-known hypotriglyceridemic agent because it works by inhibiting the fatty acid synthesis in the liver
and hence it inhibits the synthesis of triglycerides [53; 54].

Conclusion
Our �ndings showed a bene�cial effect of omega-3 supplementation in female patients with chronic
renal failure who are undergoing hemodialysis because it increases the potent vascular calci�cation
inhibitors Fetuin-A and Osteoprotegerin levels. Thus omega-3 can be used as a cardiovascular protective
supplementation, and it may decrease cardiovascular events in CKD patients. However, a largescale, well-
designed, prospective clinical trials are still needed to precisely determine the impact of omega-3
supplementation in HD patients.

Study limitations

The major limitation in this study was the quite small sample size, the short follow up duration and the
open-label, controlled study without placebo. Therefore, to understand the e�cacy of omega-3 on the
vascular calci�cation biomarkers, further double-blind studies should be made on large scale and for
longer duration to con�rm our research �ndings.
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Tables
Table 1: Baseline Characteristics of Enrolled Patients in Both Groups



Page 14/19

Variable  Omeg-3 group

N=40

Control group

N=20

P value

Age (years) 

Range

48.70 ±11.16

(29-70)

49.30± 12.23

(30-70)

0.850

BMI (kg/m2) 25.21±3.51 26.34±3.54 0.247

Duration of dialysis (years) 9.91± 6.56

(1.5-26)

9.35± 5.72

(2-22)

0.745

Associated diseases, n (%)

Hepatitis C 6 (15) 3 (15) 1.000

Diabetes 12 (30) 5 (25) 0.685

Hyperparathyrdosim  3 (7.5) 1 (5) 0.714

Hypertension  17 (42.5) 10 (50) 0.582

Hypotension 6 (15) 4 (20) 0.624

Co-administered medications, n (%)

human insulin injection 6 (15) 2 (10) 0.591

ACEIs 7 (17.5) 5 (25) 0.494

ARBs 9 (22.5) 2 (10) 0.238

angiotensin-II receptor (type AT1) antagonist 3 (7.5) 2 (10) 0.741

Calcimimetics 6 (15) 3 (15) 1.000

Erythropoietin  10 (25) 5 (25) 1.000

ribaviriv® plus Interferon  2 (5) 1 (5) 1.000

Alpha adrenergic agonist 6 (15) 4 (20) 0.624

Niacin 3 (7.5) 2 (10) 0.741

Fibrates 9 (22.5) 4 (20) 0.825

Statins 7 (17.5) 6 (30) 0.268

values are presented as mean ± SD or number (percentage). p values for each group derived from
unpaired t test or *Chi squared test as appropriate. P < 0.05 is considered signi�cant.

Table 2: Comparison between omega-3 and control Groups at baseline and after six months of
intervention and follow-up.
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Variable   Omega-3 group ‡ P
value

Control group † P
value

  Baseline After 6
months

* P
value

Baseline After 6
months

* P
value

Triglycerides

(mg/dL)

165.98±
34.25

161.94 ±
33.66

<0.001 0.676 163.11±
29.39

155.76±
24.33

0.004 0.447

Albumin

(g/ dL)

3.51±
0.51

3.59±
0.52

0.041 0.631 3.36
±0.40

3.27±
0.43

0.257 0.360

SCr

(mg/dL)

10.05±
1.34

10.47±
1.75

0.052 0.423 10.38±
1.79

10.91±
1.68

0.965 0.354

BUN

(mg/dL)

155.53±
26.05

148.48±
28.69

0.115 0.106 165.65±
12.36

158.0±
22.37

0.118 0.199

Phosphorus

(mg/dL)

6.10±
1.57

6.04 ±
1.47

0.856 0.175 6.75±
1.98

6.83±
1.15

0.860 0.041

Calcium

(mg/dL)

9.25
±1.77

8.58 ±
1.13

0.046 0.165 8.63
±1.24

8.25±
0.89

0.159 0.262

Hemoglobin

(g/dL)

10.96
±1.88

11.34 ±
2.36

0.228 0.989 10.95±
1.42

11.03±
 1.86

0.867 0.608

PTH
(pg/mL)

Median

Range

104.35

(53.20-
1205.00)

101.95

(53.00-
1311)

0.276 0.748 101.14

(52,85-
261.65)

99.78

(53.10-
257.20)

0.490 0.754

Fetuin-A
(mg/L)

Median

Range

439.25

(48.90-
2233.20)

860.15

(154.60-
2186.70)

<0.001 0.814 397.55

(52.70-
2063.90)

339.25

(56.40-
1753.60)

0.263 0.005

OPG (ng/L)

Median

Range

63.60

(33.50-
508.40)

155.65

(41.80-
758.60)

<0.001 0.316 70.20

(31.00-
478.10)

100.35

(36.60-
324.50)

0.601 0.015

Values  are presented as mean ± SD or median (range).

PTH parathyroid hormone, S.Cr: Serum creatinine, BUN blood urea nitrogen, OPG osteoprotegerin
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p values for each group derived from t test Wilcoxon Signed Ranks Test or Mann-Whitney Test as
appropriate. 

‡ P <0.05 unpaired t test (Omeg-3 group are signi�cantly different from the control group before
intervention).

 P < 0.05 Paired t test (are signi�cantly different from baseline). 

† P <0.05 unpaired t test (Omeg-3  group are signi�cantly different from the control group after
intervention).

 Table 3: Adverse effects observed during the study.

Adverse effect Omega-3 group

(n=40)

Control group 

(n=20)

P- value

Fishy smell and anorexia 3 (7.5) 0 (0) 0.21

GIT symptoms 5 (8) 0 (0) 0.02

Values are presented as number (percentage).. p values for each group derived from. Chi squared test. 

P < 0.05 is considered signi�cant. GIT: gastro-intestinal tract

Figures
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Figure 1

Flow Diagram of the progress through the parallel-randomized study.
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Figure 2

Change of Fetuin and OPG by omega-3 FA supplementation. *P < 0.05 (mean values are signi�cantly
different from baseline compared with after six months of intervention).‡P < 0.001 (omeg-3 group
signi�cantly different versus control group after 6 months of intervention) .
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Figure 3

correlation between levels of fetuin-A and OPG levels after six months of omega-3 supplementation. P <
0.05 is considered signi�cant.

Figure 4

Area under ROC curve of fetuin-A and OPG levels in the studied groups


