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Introduction
Chronic kidney disease (CKD) has become a public health prob-

lem in many countries. Worldwide, more than 500 million people 
are suffering from CKD, of which the majority (80%) come from de-
veloping countries [1]. In Vietnam, it is estimated that about 10,000 
patients receive CKD. Patients with CKD on long-term dialysis often  

 
experience many complications related to anemia, bone dystrophy, 
cardiovascular disease, and malnutrition.

The 20-carbon unsaturated fatty acids are essential fatty acids 
that the body cannot synthesize on its own, a deficiency will lead 
to imbalances, autoimmune disorders, inflammatory conditions. 

Abstract

Aim: Determination of plasma concentrations of some polyunsaturated fatty acids and plasma omega 3/omega 6 ratios in patients 
with chronic kidney disease (CKD) on dialysis.

Methods: The study was conducted on 188 people, from 18 to 70 years old, including 64 CKD patients on dialysis (study group), 
60 CKD patients with conservative treatment (disease control group) and 64 normal healthy people (healthy control group). The 
concentration of unsaturated fatty acids was measured by gas chromatography-mass spectrometry. Total cholesterol, triglycerides, 
HDL-C, LDL-C, Total protein, albumin, CRP, urea, glucose, creatinine in plasma were measured by photometric methods.

Results: The plasma saturated fatty acids of the three groups were roughly equivalent. The omega 3 Arachidonic acid (AA), 
Eicosapentaenoic acid (EPA), Docosahexaenoic acid (DHA) decreased in the study group compared with the other groups (p<0.05), 
EPA levels and DHA of the disease control group was lower than that of the healthy control group (p<0.05), there was no difference 
in ALA concentration between these two groups (p>0.05). Omega 6 such as Linoleic acid (LA), Arachidonic acid (AA) decreased, the 
lowest in the group 1, the highest in the group 3 (p<0.05). The ratio of omega 3/omega 6 (ω3/ω6) and total polyunsaturated fatty 
acids/ω6 decreased in groups 1 and 2 compared with group 3 (p<0.05). The group of patients with dialysis time less than 60 months 
had higher plasma omega concentration than the group with dialysis time over 60 months (p<0.05).

Conclusion: The concentration of ω3 and ω6 and the ratio of ω3/ω6 in CKD patients on dialysis decreased compared with the group 
of CKD patients on conservative treatment and the healthy control group. The longer the dialysis time, the lower the concentration of 
unsaturated fatty acids. This confirms that the supplementation of unsaturated fatty acids for patients with chronic kidney disease 
on dialysis is necessary.
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These polyunsaturated fatty acids are important precursors for the 
synthesis of prostaglandins, which include: 8, 11, 14-eicosatrienoic 
(dihomo-ϒ-linolenic-DGLA) or 20:3n-6, 5, 8, 11, 14-eicosatetraeno-
ic (arachidonic acid-AA) or 20:4n-6 and 5, 8, 11, 14, 17-eicosapen-
taenoic (EPA) or 20:5n-3.

Eicosapentaenoic acid (EPA; also, Eicosapentaenoic acid) is an 
omega-3 fatty acid. In physiological literature, it is given the name 
20:5(n-3). It also has the trivial name timnodonic acid. In chemi-
cal structure, EPA is a carboxylic acid with a 20-carbon chain and 
five cis double bonds; the first double bond is located at the third 
carbon from the omega end. EPA acts as a precursor for prosta-
glandin-3 (which inhibits platelet aggregation), thromboxane-3, 
and leukotriene-5 eicosanoids. EPA is both a precursor and the hy-
drolytic breakdown product of eicosapentaenoic ethanol amide. A 
prescription drug containing only EPA was shown to reduce heart 
attack, stroke, and cardiovascular death by 25% relative to a place-
bo in those with statin-resistant hypertriglyceridemia [2].

Arachidonic acid is a polyunsaturated fatty acid present in the 
phospholipids (especially phosphatidylethanolamine, phospha-
tidylcholine, and phosphatidylinositides) of membranes of the 
body’s cells, and is abundant in the brain, muscles, and liver. Skele-
tal muscle is an especially active site of arachidonic acid retention, 
accounting for roughly 10-20% of the phospholipid fatty acid con-
tent typically [3].

In addition to being involved in cellular signaling as a lipid sec-
ond messenger involved in the regulation of signaling enzymes, 
such as PLC-ϒ, PLC-δ, and PKC-α, -β, and -ϒ isoforms, arachidonic 
acid is a key inflammatory intermediate and can also act as a vaso-
dilator [4].

While most studies on PUFA and CKD have focused on n-3 fatty 
acids [5], numerous large human studies have shown that dietary 
or tissue levels of n-6 PUFA are inversely associated with inflamma-
tion [6] and with clinical events such as blood pressure, diabetes, 
and cardiovascular diseases (CVD). Low plasma PUFA levels are 
associated with decreased renal function in the elderly [39]. In ad-
dition, people with lower plasma PUFA levels have a higher risk of 
kidney failure [64].

Plasma concentrations of saturated fatty acids in CKD patients 
decreased compared with healthy subjects. [2]. Observational and 
interventional studies have shown an association of omega 3/ome-
ga 6 concentration and ratio with dialysis time [4,7]. Diets rich in 
omega 3 reduce blood LDL-C levels, but can also reduce HDL-C, 
significantly improve cardiovascular risk factors, prolong survival 
for CKD patients [8,9]. We studied this topic with the goal of deter-
mining the concentration of some polyunsaturated fatty acids, the 
ratio of plasma omega 3/omega 6 in patients with chronic kidney 
disease on dialysis. From there, it can be recommended to add these 
substances to the diet for patients with CKD on dialysis.

Methods
Selection of Research Subjects

The study was conducted on 188 people, from 18 to 70 years 
old, including 64 CKD patients on dialysis ≥ 3 months (study group, 
group 1), 60 CKD patients with conservative treatment (diseased 
control group, group 2) and 64 normal healthy people (healthy con-
trol group, group 3). The study period was from November 2019 to 
July 2020 at Military Hospital 103.

Blood samples were collected in the morning after a 12-h fast. 
Fatty acids were measured using a fasting plasma sample. We col-
lected data according to a research medical record including medi-
cal inquiries, clinical examination, and laboratory tests. The plasma 
biochemical tests and fatty acids were performed at the Depart-
ment of Biochemistry of Military Hospital 103 and Department of 
Biochemistry, Institute of 69.

Measurement of Plasma Unsaturated Fatty Acids

Plasma fatty acid composition was analysed by gas–liquid 
chromatography Thermos Scientific Trace ITQ 900™ GC/MS (Ther-
mofisher, Hanoi, Vietnam) at the 69 Institute, Hanoi, Vietnam. After 
separation of lipids by thin layer chromatography and trans-meth-
ylation, all fatty acids ranging from myristic acid (14:0) to DHA 
(22:6) were recorded. This study analyses the relative proportions 
of essential PUFA [LA (n-6), ALA (n-3) and LC n-3 (representing the 
sum of EPA, DPA and DHA)] in the plasma of dialysis patients.

Measurement of Plasma Biochemical Parameters

Total cholesterol, triglycerides, HDL-C, LDL-C, total protein, al-
bumin, urea, glucose, creatinine in plasma were measured by enzy-
matic photometric method on the AU5800 using the kit of the same 
manufacturer (Beckman Coulter, Ha Noi, Vietnam).

Statistical Analyses

The values were expressed as mean±SD or median (10th and 
90th percentiles) or percentage of total. Differences of PUFA stud-
ied between difference groups were assessed after correction for 
age and sex using a mixed model procedure. All statistical analyses 
were performed using statistical software SPSS version 20. Statis-
tical significance was set at P<0.05. Because P-values were not ad-
justed for multiple testing, they must be considered descriptive.

Results
The study was carried out on 188 people, in which the CKD pa-

tient on dialysis group had 36 men (56.3%) and 28 women (43.7%); 
the diseased control group had 42 men (70%) and 18 women 
(30%), and the healthy control group had 52 men (81.3%) and 12 
women (18.7%). The mean age of these three groups is 37.22±9.6, 
43.83±18.7, 36.28±18.3 years, respectively (Table 1&2).
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Table 1: Biochemical test results.

Index
Disease Group 

(N=64)
Control Group 

(N=60)
Witness Group 

(N=64)

P1 P2 P3

x̅±SD x̅ ±SD x̅ ±SD

Ure (mmol/L) 25,35±9,94 19,34±13,2 4,96±1,83 <0,05 <0,05 <0,05

Creatinine(umol/L) 943,4±248 162±56,5 75,1±13,2 <0,05 <0,05 <0,05

eGFR(ml/ph/1,73m2) 5,6±1,44 42,9±14,3 93,4±6,36 <0,05 <0,05 <0,05

Protein (g/L) 70,21±7,93 62,9±12,68 74,8±7,32 <0,05 >0,05 <0,05

Albumin (g/L) 38,4±4,8 30,1±8,5 42,45±5,6 <0,05 <0,05 <0,05

HGB (L/L) 97,5±18,36 116,03±29,1 147,56±10,7 <0,05 <0,05 <0,05

CRP (mg/L) 5,35±6,64 7,42±14,89 1,63±3,47 >0,05 >0,05 <0,05

Acid uric (mmol/L) 473,4±173,6 504,7±156,1 330±86,2 >0,05 <0,05 <0,05

TC (mmol/L) 4,47±1,14 6,92±3,6 5,55±1,74 <0,05 >0,05 <0,05

TG (mmol/L) 1,68±0,77 2,34±1,38 1,97±0,94 <0,05 >0,05 >0,05

HDL-C (mmol/L) 1,15±0,35 1,14±0,37 1,34±0,36 >0,05 >0,05 >0,05

LDL-C (mmol/L) 2,88±0,8 4,13±2,08 3,36±0,69 <0,05 >0,05 <0,05

Note*: GFR: (Glomerular filtration rate); HGB: Hemoglobine; CRP: C reactive protein; GOT: Glutamate Oxaloacetate Transferase; GPT: Glutamate 
Pyruvate Transferase; TC: Total Cholesterol; TG: Triglyceride; HDL: Hight Dennity Lipoproteine; LDL: Low Density Lipoproteine; Results are present-
ed as mean and SD;  p1: (comparison between study group and diseased control group), p2: (comparison between study group and healthy control 
group), p3: (comparison between diseased control group and healthy control group).

Table 2:  Plasma concentrations of some fatty acid.

STT Fatty Acid Common Name
Concentrations Of Some Fatty Acid (X̅ ±Sd, µg/Ml)

P 1 P 2 P 3
Study Group

N=64

Disease Control Group

N=60

Healthy Control Group

N=64

1 C14:0 Myristic 4,04±1,2 3,64±2,4 3,45±1,1 >0,05 >0,05 >0,05

2 C16:0 Palmitic 78,3±18,2 72,1±29,2 71,4±21,9 >0,05 >0,05 >0,05

3 C16:1n-7 Palmitoleic 2,52±2,43 5,29±2,43 7,6±2,18 <0,05 <0,05 <0,05

4 C18:0 Stearic 6,75±2,9 7,8±3,8 6,2±2,6 >0,05 >0,05 >0,05

5 C18:1n-9 Oleic 23,5±7,2 39,9±17,6 44,1±16,1 <0,05 <0,05 >0,05

6 C18:2n-6(LA) Linoleic 14,9±5,6 25±9,07 37,3±10,7 <0,05 <0,05 <0,05

7 C18:3n-3(ALA) Linolenic 0,1±0,1 0,3±0,15 0,36±0,18 <0,05 <0,05 >0,05

8 C20:0 Arachidic 0,7±0,19 0,617±0,53 0,64±0,27 >0,05 >0,05 >0,05

9 C20:2n-6 Eicosadienoic 0,09±0,04 0,32±0,19 0,31±0,19 <0,05 <0,05 >0,05

10 C20:4n-6(AA) Arachidonic 0,88±0,32 1,2±0,28 1,36±0,19 <0,05 <0,05 <0,05

11 C20:5n-3(EPA) Eicosapentae-
noic 0,1±0,046 0,24±0,07 0,35±0,12 <0,05 <0,05 <0,05

12 C22:6n-3(DHA) Docosahexae-
noic 0,4±0,28 0,86±0,3 1,73±0,66 <0,05 <0,05 <0,05

The plasma saturated fatty acids of the three groups were 
roughly equivalent. C16:1n-7 and C18:1n-9 decreased in the study 
group compared with the disease control group and the healthy 
control group (p<0.05). Omega 3 such as ALA, EPA, DHA decreased 
in the study group compared with the other groups (p<0.05), the 
concentration of EPA and DHA in the disease control group was 
lower than in the healthy control group (p<0 ,05), there was no dif-

ference in ALA concentration between these two groups (p>0.05). 
The omega 6 (LA and AA) decreased, the lowest in the study group, 
the highest in the healthy control group (p<0.05) (Table 3).

Compared with the healthy control group, the ratio of omega 3/
omega 6 and total polyunsaturated fatty acids/omega 6 decreased 
in the other groups (Table 4).
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Table 3: Ratio some plasma fatty acid.

Stt

Ratio Plasma 
Fatty Acids

(X̅ ±Sd)

Study Group

N=64

Disease Control 
Group

N=60

Healthy Control 
Group

N=64 P1 P2 P3

1 EPA/AA 0,11±0,2 0,21±0,07 0,26±0,1 <0,01 <0,05 <0,05

2 DHA/AA 0,41±0,15 0,73±0,28 1,28±0,47 <0,05 <0,01 <0,05

3 (EPA+DHA)/AA 0,52±0,16 0,94±0,28 1,54±0,47 <0,01 <0,01 <0,01

4 PUFA/AA 20,2±8,0 24±8,9 30,9±8,5 >0,05 <0,05 <0,05

5 ω3/ AA 0,62±0,21 1,2±0,3 1,8±0,49 <0,05 <0,05 <0,05

6 ω6/AA 19,6±8,1 22,8±8,6 29±8,3 >0,05 <0,05 <0,05

7 ω3/ ω6 0,04±0,02 0,055±0,01 0,065±0,12 <0,05 <0,05 <0,05

Table 4: The relationship between the concentration of some polyunsaturated fatty acids and the time of dialysis.

Acid Béo

Plasma Fatty Acid Concentration (
P

Duration ≥ 60 Months (N=60) Duration < 60 Months N=68

C20:4n-6(AA) 1,13±0,27 0,66±0,18 <0,05

C20:5n-3(EPA) 0,134±0,037 0,06±0,018 <0,05

C22:6n-3(DHA) 0,61±0,27 0,21±0,07 <0,05

Ratio EPA/AA 0,12±0,01 0,096±0,02 <0,05

Ratio DHA/AA 0,52±0,15 0,32±0,085 <0,05

Ratio (EPA+DHA)/AA 0,63±0,16 0,417±0,08 <0,05

The group of CKD patients with dialysis time less than 60 
months had higher plasma omega concentration than the group of 
patients with dialysis time over 60 months (p<0.05).

Discussion
We investigated plasma unsaturated fatty acid concentrations 

in patients with chronic kidney disease on dialysis. In this study, 
CKD patients on dialysis had low albumin, total protein and HGB 
levels reflecting poor nutritional status. Increased plasma uric acid 
reflects renal dysfunction in uric acid excretion as renal function 
declines. Elevated plasma CRP levels have been observed in approx-
imately 20% to 65% of patients with end-stage CKD indicating in-
flammation in this subject.

The rate of dyslipidemia of patients with chronic kidney dis-
ease on dialysis in our study was high, the increase in TG accounted 
for the highest rate, then the increase in LDL-C and increase in TC, 
HDL-C accounted for a lower percentage. Controlling dyslipidemia 
to reduce the risk of cardiovascular disease is an important goal for 
this population [2,5].

Our study showed that the differences in the concentrations of 
saturated and unsaturated fatty acids between the study groups 
followed two trends Table 3. The concentration of saturated fatty 
acids in the disease group was higher than in the other two groups, 
but this difference was not statistically significant (p>0.05), which 

is also consistent with some studies around the world [10]. Our re-
sults are like those of other authors confirming that the changes of 
saturated fatty acid levels in the plasma of patients with CKD are 
not affected by dialysis [11,12].

In contrast, the concentration of unsaturated fatty acids in CKD 
patients with or without dialysis decreased compared with healthy 
people Table 2, especially omega 3 and omega 6. This is consistent 
with published worldwide reports [2,11]. The general decrease in 
unsaturated fatty acids compared with the control group in paral-
lel with the decrease in triglycerides may be due to malnutrition, 
inflammation, and atherosclerosis. [6]. Low plasma EPA and DHA 
may be due to poor intake of foods containing EPA and DHA (fish 
and meat) or may be due to reduced absorption of fatty acids such 
as omega 3 associated with dietary potassium restriction. On the 
other hand, the traditional Vietnamese diet contains very little 
omega 3 and omega 6 [11].

Thus, the low plasma levels of polyunsaturated fatty acids in 
CKD patients on dialysis may be a factor in the association with in-
flammation and cardiovascular complications that often occur in 
these patients [11,7]. Table 3 results show a decrease in the ratio 
of omega 3/omega 6 of the study group compared with the other 
groups (p<0.05). The difference in omega 3/omega 6 ratio between 
the disease group and the control group is consistent with the study 
of other authors. These studies indicate that the optimal ratio may 
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vary with the disease under consideration. This is consistent with 
the fact that chronic diseases are multigenic and multifactorial 
[2,13].

ALA is a precursor of the family of omega 3 fatty acids, ALA is 
converted to EPA and DHA through long-lasting and desaturated 
reactions. Linoleic acid (LA) is a precursor to the family of omega 
6 fatty acids. In the body, LA is converted to arachidonic acid (AA). 
AA and EPA will compete for the same metabolic enzymes. Under 
the action of cyclo-oxygenase and lipo-oxygenase, EPA will pro-
duce prostaglandins and thromboxane group 3 (PGE3, PGI3, TXA3) 
and group 5 leukotrienes (CTB5, LTC5 - CTE5) which have anti-in-
flammatory effects and inhibit the aggregation platelet collection. 
Progressive, persistent inflammation in CKD patients with CRP 
was consistently higher than in controls Table 1. Thereby reducing 
polyunsaturated fatty acids in plasma, especially omega 3, leading 
to a decrease in the ratio of omega 3/omega 6. The ratio of EPA/AA, 
DHA/AA showed a close association. more closely associated with 
cardiovascular complications than EPA, DHA, or AA concentrations 
in several studies [14,15].

The right omega-3/omega-6 ratio will bring many health bene-
fits and prevent disease, some clinical studies have shown that re-
ducing the omega-6/omega-3 ratio helps reduce diseases. chronic. 
One study found that replacing corn oil with olive and canola oils to 
achieve an omega-3/omega-6 ratio of 1/4 resulted in a 70% reduc-
tion in total mortality [14]. Thus, the reduction in the ratio of omega 
3 to omega 6 in the study group compared to the control group is 
consistent with published studies [14,15]. There was a statistically 
significant difference in unsaturated fatty acid levels between the 
dialysis group above and below 60 months Table 4. The group of 
patients with prolonged dialysis time had lower concentrations of 
omegas and the ratio of omega 3 to omega 6 compared to the group 
with less time on dialysis. This result is consistent with many stud-
ies around the world [3,4,7].

Szczuko, et al., (2020) showed decreased PUFA levels in patients 
with chronic kidney disease. There is also an inverse correlation be-
tween K+ secretion and EPA and DHA concentrations [7]. As chron-
ic kidney disease progresses, the elimination of K+ increases, the 
activity of 6-desaturase decreases, the synthesis of EPA and DHA 
decreases, the ratio C18:3n-6/C22:4n-6 decreases sharply after 5 
years. This index can be used to diagnose disease progression [7].

In addition, several factors may contribute to this altered un-
saturated fatty acid reduction: loss of appetite and/or restriction 
of dietary intake, loss of omega 3 on dialysis [13]. The decrease in 
omega 3 and omega 6 in the study group was inversely correlated 
with the duration of dialysis. This is the basis for adding these sub-
stances to the diet of CKD patients on dialysis [16-20].

Conclusion
The concentration of omega 3 and omega 6 and the ratio of 

omega 3/omega 6 in the group of CKD patients on dialysis de-
creased significantly compared with the group of chronic kidney 
disease patients on conservative treatment and the healthy control 
group. The longer the dialysis time, the lower the concentration of 
unsaturated fatty acids. This shows the need for unsaturated fatty 
acid supplementation in patients with CKD on dialysis.
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