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Abstract

Background: Dyslipidemia and abnormal phospholipid metabolism are frequent in uremic patients and increase
their risk of cardiovascular disease (CVD): ω-3 polyunsaturated fatty acids (PUFAs) may reduce this risk in the general
population. In this study we compared the plasma and erythrocyte cell membrane composition of PUFAs in a
group of Caucasian hemodialysis (HD) patients and in a control group of healthy subjects and evaluated the
erythrocyte/cell membrane fatty acid ratio as a marker of the dietary intake of phospholipids. The relationship
between ω-3 and ω-6 fatty acids and the possible differences in PUFAs concentrations were also investigated.

Methods and results: After obtaining a fully informed consent, a total of ninety-nine HD patients and 160 non
uremic control subjects from “Tor Vergata” University Hospital were enrolled into the study. None of them took
antioxidant drugs or dietary supplements for at least 90 days prior to the observation. Blood samples were analysed
by gas-chromatographic coupled to a mass spectrometric detector.
The daily intake of total calories, proteins, lipids and carbohydrates is significantly lower in HD patients than in
controls (p < 0.001). Most plasma and erythrocyte PUFA were also reduced significantly in HD patients (p < 0.001).

Conclusions: Our results suggest that many classes of PUFAs are lacking in HD patients, due to the removal of
nutrients during the dialysis and to persistent malnutrition. A dietary treatment addressed to increase plasma ω-3
PUFAs and to optimize ω-6/ω-3 ratio may exert a protective action and reduce the risk of CVD in HD patient.
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Introduction
Cardiovascular (CV) morbidity and mortality are in-
creased in hemodialysis (HD) patients compared to the
general population regardless of gender, age, race and the
presence of diabetes mellitus. In particular, CV mortality
observed in uremic patients aged 25 to 35 years equals
that observed in the general population aged over 85 [1].
The evaluation of these traditional risk factors does not
explain the phenomenon completely; it is therefore neces-
sary to examine other factors associated with chronic renal
failure such as proteinuria, chronic inflammation, oxida-
tive stress, electrolyte disturbances and malnutrition in
particular. However, previous investigations on plasma
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and erythrocyte concentration of fatty acids in end-stage
renal disease (ESRD) patients yielded to contradictory re-
sults [2-5].
As kidney function declines, an altered lipid profile is ob-

served in renal patients: total cholesterol, LDL-cholesterol
and triglycerides are significantly increased, while HDL-
cholesterol is significantly reduced. Low HDL-cholesterol is
always associated with hypertriglyceridemia and it is strictly
linked to the changes in triglyceride metabolism [6]. Ac-
cordingly, Chronic Kidney Disease (CKD) patients show
lipid and lipoprotein metabolism disturbances and changes
in the metabolism of fatty acids may also develop [7].
Currently, there are no studies designed to investigate

the composition of plasma and erythrocyte PUFAs in HD
patients in Italy. Aim of the present study was thus to
compare plasma and erythrocyte PUFA composition in a
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group of Italian Caucasians HD patients and in a group of
healthy subjects, in order to investigate the presence of a
further cardiovascular risk factor in an established high-risk
population. The average diet followed during the last twelve
months prior to the study was considered. We measured
erythrocyte fatty acids as a marker of cell membrane fatty
acids as well as of the phospholipid dietary intake.

Methods
Study population
The study protocol complied with the Declaration of
Helsinki and was appointed by the Ethics Committee of the
University Hospital of “Tor Vergata”. Both men and women
over the age of 18 years were eligible for the study. A writ-
ten fully informed consent was provided by all participants
before enrollment into the study. The study population
consisted of a total of 99 ESRD patients on maintenance
HD relating to the Department of “Nephrology and Hyper-
tension” of the University Hospital of “Tor Vergata” (“study
group”) and 160 healthy volunteers enrolled at the Depart-
ment of Occupational Medicine of “Tor Vergata” University
(“control group”). ESRD patients received standard bicar-
bonate hemodialysis with 1.5-2sqm low flux polysulfone
membranes for four hours, three times weekly since at least
three months. Healthy controls had no history of renal dis-
ease, diabetes, hypertension, dyslipidemia, liver disease or
cancer. They didn’t take any drug or medication.

Anthropometry and traditional CV risk profile
The Body Mass Index (BMI) was calculated at enrollment
as body weight divided by height squared (kg/m2). The
post-dialysis body weight (“dry weight”) was considered in
HD patients.
Systolic and diastolic blood pressures were registered

before dialysis in ESRD patients and at enrollment in
healthy controls.
Serum lipid profile components and glucose were deter-

mined by The Dimension VISTA 1500 equipment (SIE-
MENS healthcare Diagnostic, Germany) in all the study
population.

Dietary pattern
We used a questionnaire validated by INRAN (National
Research Institute for Food and Nutrition) [8] to investi-
gate the dietary habits of HD patients and control sub-
jects. Frequency of meals and amount of food consumed
by the subjects enrolled into the study were evaluated
during the twelve months preceding the measurement of
plasma and erythrocyte membrane PUFAs. A question-
naire that assessed the eating habits of all subjects en-
rolled was given to each one to ascertain the frequency
of consumption of certain foods for a given period of
time (week, month, year). A total of 790 different foods
with as many as 67 different nutrients were investigated,
not all available for all foods. Shortcomings still exist re-
garding in particular the vitamins and trace elements.
The INRAN_QUEST_SCAI_2005 software developed in
ACCESS 2003 was employed for the analysis of the
questionnaires.

Plasma and erythrocyte lipid measurement
Erythrocyte membrane polyunsaturated fatty acid (PUFA)
methyl esters were extracted using a modified version of
previously reported methods [9-11] and analyzed by a gas-
chromatography equipment (GC, model 6890 N, Agilent
Technologies Italia Spa), coupled to a mass spectrometric
detector (MSD, model Agilent 5973 inert, Agilent Tech-
nologies Italia Spa).

Statistical analysis
Quantitative variables were expressed as means ± stand-
ard deviation. Categorical variables were presented as
numbers and percentages.
The presence of skewed data was evaluated using visual

inspection of Q-Q plots, stem and leaf plots, or box plots
and verified using the Shapiro-Wilk test for normal distribu-
tion. Unpaired t test was employed to compare the data be-
tween uremic patients and healthy subjects (controls); non
parameter variables were analyzed by Mann–Whitney test.
The significance of the difference between percentages

in groups was evaluated using the chi-square test.
The analysis of covariance was used to correct the dif-

ferences between the variables of interest for age, gender,
smoke and BMI. P-value <0.05 was considered statisti-
cally significant.
Analysis was performed with the SPSS 15.0 software

for Windows platforms, (SPSS, Inc., Chicago, IL).

Results
The epidemiological and anthropometric features of the
whole study population are summarized in Tables 1 and 2.
ESRD patients showed a lower total calories daily intake,
lower vegetable/animal lipid and protein content, lower
carbohydrate, fibers and retinol intake compared to
healthy controls (p < 0.0001). Fish intake was not signifi-
cantly different between the two groups (Table 3).
Plasma triglycerides, total cholesterol and LDL-cholesterol

were significantly higher (p < 0.0001, p < 0.05 and p < 0.05
respectively) while HDL-cholesterol was significantly lower
(p < 0.05) in uremic patients compared to control subjects.
Plasma composition in phospholipids and fatty acids in

HD patients (n = 99) and in healthy subjects (n = 160) is
shown in Table 4. Several statistically significant differ-
ences are observed in HD patients compared to healthy
subjects: plasma linoleic acid, dihomo- γ-linolenic acid ,
arachidonic acid and eicosapentaenoic acid are signifi-
cantly reduced in HD patients (p < 0.0001, p < 0.0001,
p < 0.0001 and p = 0.0081 respectively), while plasma γ-



Table 1 Anthropometric and clinical characteristics correlations between HD patients and healthy subjects (controls)

HD (n = 99) Controls (n = 160) p

Age (years) 69.3 ± 14.7 61.3 ± 7.1 <0.01

Gender (male %) 59.6 100 <0.01

BMI (kg/m2) 23.0 ± 1.2 22.1 ± 1.5 <0.01

Fasting glucose (mg/dl) 125.2 ± 51.6 91.3 ± 19.3 <0.01

Blood urea nitrogen (before dialysis) 127.6 ± 43.4 - n.a

Blood urea nitrogen (after dialysis) 39.8 ± 16.7 - n.a.

Creatinin (mg/dl) 8.0 ± 2.8 0.9 ± 0.4 <0.01

Dialytic vintage (months) 65.8 ± 64.8 - n.a

Smoking (%) 15.1 5.0 <0.01

Diabetes mellitus (%) 23.2 0 n.a.

Hypertension (%) 79.8 0 n.a.

C-reactive protein 2.4 ± 5.5 1.4 ± 2.7 <0.01

P-Value <0.05 is statistically significant.
HD: hemodialysis. BMI: body mass index n.a.: not applicable.
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linolenic acid is significantly increased in the uremic pa-
tients (p < 0.0001). Finally, we did not observe between
the two groups significant differences between plasma
α-linolenic acid (p = 0.4460) and docosahexaenoic acid
(p = 0.4389). In addition, the ω-6/ω-3 PUFAs ratios were
calculated (ARA/EPA and ARA/DHA). We did not ob-
serve any significant difference in the ARA/DHA ratios
between the two groups (Table 4) but we observed sta-
tistically significant difference in ARA/EPA ratios be-
tween HD patients and healthy subjects (Table 4).This
last difference was not confirmed after adjustment for
covariates possibly affecting plasma PUFAs concentra-
tion in HD patients and healthy controls, such as age,
gender, cigarette smoking and BMI (Table 4).
Instead, for all other variables the statistical significances

detected were confirmed even after adjustment for covari-
ates previously described (Table 4).
Erythrocyte membrane composition in phospholipids

and fatty acids in HD patients (n = 99) and in healthy sub-
jects (n = 160) is shown in Table 5 as well. In particular,
Table 2 Epidemiologic data of the study population

HD Controls

Primary causes of end-stage renal disease

Nephroangiosclerosis (%) 39.4 -

Chronic glomerulonephritis (%) 31.3 -

ADPKD (%) 17.2 -

Chronic pyelonephritis (%) 12.1 -

Drug therapy

Statins (%) 0 0

Antihypertensive drugs (%) 79.8 0

Anticoagulants (%) 65.6 0

HD: hemodialysis, ADPKD: Autosomal dominant polycystic kidney disease.
we observed that plasma linoleic acid (p < 0.0001),
dihomo-γ-linolenic acid (p <0.0001), arachidonic acid (p <
0.0001) and α-linolenic acid (p < 0.0001) was significantly
reduced in HD patients compared to controls, while
plasma γ-linolenic acid (p < 0.0001) was significantly in-
creased. On the other hand, plasma eicosapentaenoic acid
(p = 0.0907) and docosahexaenoic acid (p = 0.0651) was
not statistically different between the two groups, whereas
the erythrocyte PUFAs ratios, ARA/EPA (p < 0.0001) and
ARA/DHA (p < 0.0001), were significantly decreased in
HD patients compared to healthy subjects (Table 5). Fi-
nally, we observed that the two groups had a comparable
ω-3 index (EPA +DHA). Multivariate analysis, matched
for age, gender, cigarette smoking and BMI, confirmed the
differences observed.
Discussion
Chronic Kidney Disease (CKD) patients show lipid and
lipoprotein metabolism disturbances [7]. Phosphati-
dylinositol and phosphatidic acid are not present in the
erythrocyte membranes of CKD patients. Rheological
properties of erythrocytes, such as osmotic resistance,
deformability and mechanical fragility change in these
patients. Many authors associate these disturbances
with the lipid composition of the erythrocyte membrane
[12]. During hemodialysis total cholesterol content and
the cholesterol/phospholipids ratio increase in the cyto-
plasmic membrane. These are the main factors res-
ponsible for the alterations of membrane fluidity that
potentially impact on erythrocyte deformability and
osmotic resistance [13].
An abnormal phospholipid metabolism was suggested

to play an important role in the progression of athero-
sclerosis in hemodialysis patients [14].



Table 3 Comparison of the daily dietary consumption in HD patients versus the control group

Daily dietary composition HD (n = 99) Controls (n = 160) P-value

Kcal (kcal) 1204.0 ± 275.8 1902.0 ± 280.8 <0.001

Vegetable protein (g) 26.8 ± 6.5 62.3 ± 7.5 <0.001

Animal protein (g) 34.5 ± 8.85 77.3 ± 9.95 <0.001

Vegetable lipids (g) 18.9 ± 4.4 57.8 ± 5.3 <0.001

Animal lipids (g) 23.8 ± 8.3 31.4 ± 7.6 <0.05

Fish (daily servings) 0.7 ± 0.32 0.9 ± 0.41 ns

Carbohidrates (g) 164.8 ± 36.9 304.8 ± 48.3 <0.001

Fiber (g) 0.75 ± 0.35 28.9 ± 0.56 <0.001

Retinol (ug) 118.9 ± 41.3 499.8 ± 43.4 <0.001

Niacin (mg) 12.8 ± 3.8 14.7 ± 4.8 ns

Vitamin E (mg) 9.9 ± 4.6 8.8 ± 2.9 ns

Cholesterol (mg) 264.4 ± 88.9 255.3 ± 93.4 ns

P-Value <0.05 is statistically significant.
HD: hemodialysis. Ns = non significant.
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A number of observational studies reported an inverse
association between CVD and dietary intake or plasma
concentrations of omega-3 PUFAs, primarily eicosapenta-
enoic acid (EPA) and docosahexaenoic acid (DHA), sug-
gesting that supplementation of ω-3 fatty acid might exert
protective effects on CVD [15-19]. The protective action
of ω-3 fatty acids upon the CV system is mediated by their
ability to suppress inflammation and to inhibit platelet
activation/adhesion, as well as by a direct effect on the
myocardium [20]. This latter effect is related to their cap-
acity to prolong the refractory state of cardiomyocytes via
an interaction with fast-acting sodium channels and the L-
type calcium channels. These actions are mediated by EPA
and DHA in cardiomyocyte membranes. A comparative
Table 4 Plasma phospholipids

Fatty acids (μmol/L) HD (n = 99)

Polyunsatured ω-6:

Linoleic acid (18:2) 1387.30 ± 340.15

Γ-Linolenic acid (18:3) 29.20 ± 14.83

Dihomo-γ-linolenic acid (20:3) 110.68 ± 38.99

Arachidonic acid (20:4) 437 ± 111.45

Polyunsatured ω-3:

Α-Linolenic acid (18:3) 18.35 ± 14.57

Eicosapentaenoic acid (20:5) 28.95 ± 37.49

Docosahexaenoic acid (22:6) 142.10 ± 67.86

ω-6/ω-3:

ARA/EPA 28.54 ± 20

ARA/DHA 4.06 ± 1.53

Ω-3 Index:

EPA + DHA 179.46 ± 110.92

P <0.05 is statistically significant, p* = differences between the two groups controlle
HD: hemodialysis. ARA: arachidonic acid. EPA: eicosapentaenoic acid. DHA=: docosa
study revealed a strong correlation between n-3 fatty acids
concentration in myocardium and in erythrocytes [21].
ESRD patients on maintenance HD are at risk for inad-
equate ω-3 intake because they may find foodstuffs less
palatable as a result of alterations in taste; moreover, renal
dietary recommendations do not encourage fish consump-
tion due to adverse hyperphosphatemia [22]. Therefore,
malnutrition is a frequent occurrence in HD patients
and may be caused by either inadequate food intake and
enhanced intradialytic loss of nutrients, or by hypercatab-
olism due to ESRD comorbidities or associated to dialysis
treatment [23].
Phospholipids play an essential role in cell membrane

structure and function. The length and degree of
Controls (n = 160) p-value p*

1757.48 ± 289.93 <0.0001 <0.0001

14.79 ± 9.72 <0.0001 <0.0001

175.37 ± 65.68 <0.0001 <0.0001

504.52 ± 133 <0.0001 <0.0001

15.58 ± 9.62 0.4460 0.069

39.95 ± 54.82 0.0081 0.016

150.51 ± 78.13 0.4389 0.508

25 ± 17 0.0081 0.136

3.48 ± 1.48 0.068 0.106

182.11 ± 111.96 0.832 0.294

d for gender, age, BMI and smoke.
hexaenoic acid.



Table 5 Erythrocyte phospholipids

Fatty acids (μmol/L) HD (n = 99) Controls (n = 160) p-value p*

Polyunsatured ω-6:

Linoleic acid (18:2) 398.83 ± 119.03 684.04 ± 133.4 <0.0001 <0.0001

Γ- Linolenic acid (18:3) 1.73 ± 1.09 0.99 ± 0.42 <0.0001 <0.0001

Dihomo-γ-linolenic acid (20:3) 45.56 ± 21.14 86.94 ± 35.57 <0.0001 <0.0001

Arachidonic acid (20:4) 455.66 ± 236.66 560.37 ± 97.66 <0.0001 0.018

Polyunsatured ω-3:

Α-Linolenic acid (18:3) 0.71 ± 0.4 1.02 ± 0.3 <0.0001 <0.0001

Eicosapentaenoic acid (20:5) 9.74 ± 11.8 7.43 ± 11.47 0.0907 0.334

Docosahexaenoic acid (22:6) 132.44 ± 81.39 136.48 ± 42.51 0.0651 0.001

ω -6/ω-3:

ARA/EPA 83.92 ± 51.43 133.16 ± 74.62 <0.0001 0.002

ARA/DHA 4.13 ± 4.4 4.48 ± 1.62 <0.0001 0.002

Ω-3 Index:

EPA + DHA 192.19 ± 139.73 143.95 ± 50.10 0.0542 0.876

P <0.05 is statistically significant p* = differences between the two groups controlled for gender, age, BMI and smoke.
HD: hemodialysis. ARA: arachidonic acid. EPA: eicosapentaenoic acid. DHA=: docosahexaenoic acid.
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phospholipids and unsaturated fatty acids are main deter-
minants of cell membrane fluidity, transport systems, activ-
ity of membrane-bound enzymes and susceptibility to lipid
peroxidation [24]. The serum fatty acid lipid profile (espe-
cially phospholipids) reflects the fatty acid composition of
cell membranes [25]. In our study, HD patients had re-
duced plasma EPA, ARA, LA and Dihomo-γ-linolenic acid
(DGLA), associated with high plasma triglycerids.
Christensen and Coworkers demonstrated a possible anti-

arrhythmic effect of ω-3 PUFAs, as they found a positive
correlation between Heart Rate Variability (HRV) and the
composition in cell membrane of ω-3 PUFAs in CKD pa-
tients [26]. Further intervention studies based on the admin-
istration of ω-3 confirmed the ω-3 PUFAs cardio-protective
role [27,28] and showed that the composition of erythrocyte
EPA and DHA reflects that of the myocardium and is influ-
enced by diet [29]. We thus investigated erythrocyte mem-
brane EPA and DHA as its “ω 3-index” (EPA+DHA)
correlates to human myocardiocyte membrane ω 3-index.
We found a significant reduction of erythrocyte ω-3

fatty acid α-Linoleic Acid in HD patients compared to
healthy controls. This reduction may be due to the con-
version of ALA into EPA and possibly into DHA. The
conversion of ALA into EPA is limited in humans, but
may be physiologically and clinically important. Several
dietary factors are thought to influence the conversion of
ALA into EPA, the kind of protein consumed and the
amount of dietary EPA among others [20]. Another pos-
sible reason for lower erythrocyte ALA in HD patients is
that many foods rich in ALA (such as nuts, seeds and seed
oils including flaxseed oil, English walnuts, canola oil, and
soybean oil) are not recommended in uremic patients be-
cause they are rich in potassium.
Furthermore, HD patients exhibited a significant de-
crease of erythrocyte membrane LA and ARA that re-
duces the cardiovascular protective effect exerted by LA,
as reported by Laaksonen et al. [30]. Arachidonic acid, a
ω-6 fatty acid, is a substrate for the production of vari-
ous pro-oxidant pro-inflammatory mediators and signal
transduction molecules.
In previous investigations a significant increase of

erythrocyte membrane fatty acids were reported in Korean
ESRD patients [31]. The reason for these discrepant data
is unclear. However, differences in dietary composition,
genetic factors [32] and different analytical methods that
have been standardized only recently may be advocated.
We finally observed both plasma and erythrocyte ω6/

ω3 ratios increased in HD patients compared to healthy
controls; in earlier prospective studies the supplementa-
tion of ω3 fatty acid reduced membrane ω6/ω3 ratio sig-
nificantly in these patients and lowered plasma ARA in
healthy subjects and in patients with coronary heart dis-
ease [33,34]. The CV protective effect of ω-3 PUFAs
may be related to their anti-thrombotic, lipid-lowering
and anti-inflammatory actions [35,36].

Limitations
The main limitation of our study was a correct evaluation
of the real feeding habits of HD patients on “free” diet by
means of a self-administered questionnaire. A significant
discrepancy is patent when the mean caloric intake re-
ported by patients is compared to their “real” caloric in-
take derived from BMI calculation (see Table 3, lines 1 to
3). This underestimation of the reported caloric intake
may be due to a low adherence of patients to dietary pre-
scriptions and subsequent insincere answers.
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Conclusions
Ω-3 PUFAs may reduce this risk in the general popula-
tion. A dietary treatment addressed to increase plasma
ω-3 PUFAs EPA and DHA and to optimize ω-6/ω-3 ratio
may exert a protective action and reduce the risk of CVD
also in HD patients. The fatty acid composition of erythro-
cyte cell membrane reflects that of the myocardiocyte and
is influenced by diet. Our study suggests that the analysis
of PUFAs in plasma and erythrocyte membranes could
help to identify subjects who might take advantage from a
change in the dietary intake addressed to optimize the ω-
6/ω-3 ratio.

Abbreviations
CVD: Cardiovascular disease; PUFAs: Polyunsaturated fatty acids;
HD: Hemodialysis; CV: Cardiovascular; CKD: Chronic kidney disease;
LA: Linoleic acid; EPA: Eicosapentaenoic acid; DHA: Docosahexaenoic acid;
ARA: Arachidonic acid; ALA: α-linoleic acid; DGLA: Dihomo-γ-linolenic acid;
ESRD: End-stage renal disease; BMI: Body mass index.

Competing interests
The Authors hereby certify that there is no conflict of interest with any
financial organization regarding the material discussed in the manuscript or
in the conclusions, implications or opinions stated.

Authors’ contribution
MD, AN, SB designed the research and wrote the paper. PB, GN, ADS
performed laboratory analysis. SR analyzed data. SMDV revised the
manuscript. NDD had primary responsibility for the final content. All authors
read and approved the final manuscript.

Author details
1Laboratory Medicine, “Tor Vergata” University Hospital, Viale Oxford 81,
00133 Rome, Italy. 2Department of System Medicine, Nephrology and
Hypertension Unit, “Tor Vergata” University Hospital, Viale Oxford 81, 00133
Rome, Italy. 3Department of System Medicine, Center for Atherosclerosis “Tor
Vergata” University Hospital, Viale Oxford 81, 00133 Rome, Italy. 4Department
of Neurosciences, Division of Human Nutrition, University of Rome “Tor
Vergata”, I-00133 Rome, Italy.

Received: 22 January 2014 Accepted: 13 March 2014
Published: 21 March 2014

References
1. Foley RN, Parfey PS: Cardiovascular disease and mortality in ESRD.

J Nephrol 1998, 11:239–245.
2. Dasgupta A, Kenny MA, Ahmad S: Abnormal fatty acid profile in chronic

hemodialysis patients: possible deficiency of essential fatty acids.
Clin Physiol Biochem 1990, 8:238–243.

3. Varga Z, Karpati I, Paragh G, Buris I, Kakuk G: Relative abundance of some
free fatty acids in plasma of uremic patients: relationship between fatty
acids, lipid parameters, and disease. Nephron 1997, 77:417–421.

4. Koorts AM, Vilijoen M, Kruger M: Red blood cell fatty acid profile of
chronic renal failure patients receiving maintenance hemodialysis
treatment. Prostaglandins Leokot Essent Fatty Acids 2002, 67:13–18.

5. Friedman AN, Moe SM, Perkins SM, Li Y, Watkins BA: Fish consumption and
omega-3 fatty acid status and determinants in long-term hemodialysis.
Am J Kidney Dis 2006, 47:1064–1071.

6. Steele J, Billington T, Janus E, Moran J: Lipids, lipoproteins and
apolipoproteins A-1 and B and apolipoprotein losses in continuous
ambulatory peritoneal dialysis. Atherosclerosis 1989, 79:47–50.

7. Stubbs CD, Smith AD: The modification of mammalian membrane
polyunsatured fatty acid composition in relation to membrane fluidity
and function. Biochem Biophys Acta 1984, 799:89–137.

8. Bligh EG, Dyer WJ: A rapid method of total lipid extraction. Can J Biochem
Physiol 1959, 37:911–917.

9. Lepage G, Roy CC: Direct trans-esterification of all classes of lipids in a
one-step reaction. J Lipid Res 1986, 27:114–120.
10. Lepage G, Roy CC: Specific methylation of plasma non-esterified fatty
acids in a one-step reaction. J Lipid Res 1988, 29:227–235.

11. Hassan KS, Hassan SK, Hijazi EG, Khazim KO: Effects of omega-3 on lipid
profile and inflammation markers in peritoneal dialysis patients. Ren Fail
2010, 32(9):1031–1035.

12. Ibrahim FF, Ghannam MM, Ali FM: Effect of dialysis on erythrocyte
membrane of chronically hemodialyzed patients. Ren Fail 2002, 24:779–790.

13. Ristić V, Tepšić V, Ristić-Medić D: Plasma and erythrocyte phospholipid
fatty acids composition in Serbian Hemodialyzed patients. Ren Fail 2006,
28:211–216.

14. Sarnak MJ, Levay AS, Schoolwerth AC: Kidney disease as risk factor for
development of cardiovascular disease: a statement from the American
Heart Association Councils on Kidney in Cardiovascular Disease, high
blood pressure research, clinical cardiology, and epidemiology and
prevention. Circ 2003, 08:2154–2169.

15. Kris-Etherton PM, Harris WS, Lj A: Fish consumption, fish oil, omega-3 fatty
acids, and cardiovascular disease. Circ 2002, 106:2747–2757.

16. Bucher HC, Hengstler P, Schindler C, Meier G: N-3 polyunsaturated fatty
acids in coronary heart disease: a meta-analysis of randomized
controlled trials. Am J Med 2002, 112:298–304.

17. Kromhout D: The inverse relation between fish consumption and 20 years
mortality from coronary disease. N Engl J Med 1985, 312:1205–1209.

18. He K, Song Y, Daviglus ML, Liu K, Van Horn L, Dyer AR, Greenland P:
Accumulated evidence on fish consumption and coronary heart disease
mortality: a meta-analysis of cohort studies. Circ 2004, 109:2705–2711.

19. Wang C, Harris WS, Chung M, Lichtensein AH, Balk EM, Kupelnick B, Jordan HS,
Lan J: N-3 fatty acids from fish or fish-oil supplements, but non alpha-linoleic
acid, benefit cardiovascular disease outcomes in primary and secondary–
prevention studies: a systematic review. Am J Clin Nutr 2006, 84:5–17.

20. Harris WS, Sands SA, Windsor SL, Ali HA, Stevens TL, Magalski A, Porter CB,
Borkon AM: Omega-3 fatty acids in cardiac biopsies from heart
transplantation patients: correlation with erythrocytes and response to
supplementation. Circ 2004, 21:1645–1649.

21. Arcella D, Soggiu ME, Leclercq C: Probabilistic modelling of human
exposure to intense sweeteners in Italian teenagers: validation and
sensitivity analysis of a probabilistic model including indicators of
market share and brand loyalty. Food Addit Contam 2003, 20:73–86.

22. Dessì M, Noce A, Agnoli A, De Angelis S, Fuiano L, Tozzo C, Taccone-
Gallucci M, Fuiano G, Federici G: The usefulness of the prognostic
inflammatory and nutritional index (PINI) in a haemodialysis population.
NMCD 2009, 19:811–815.

23. Spector AA, Yorek MA: Membrane lipid composition and cellular function.
J Lipid Res 1985, 26:1015–1035.

24. Dougherty RM, Galli G, Ferro-Luzzi A, Iacono JM: Lipid and phospholipid
fatty acid composition of plasma, red blood cells and platelets and how
they are affected by dietary lipids: study of normal subjects from Italy,
Finland and USA. Am J Clin Nutr 1985, 45:443–455.

25. Katan MB, Deslypere JP, Van Birgelen AP, Penders M, Zegwaard M: Kinetics
of incorporation of dietary fatty acids into serum cholesteryl esters,
erytrocyte membranes, and adipose tissue: an 18-month controlled
study. J Lipid Res 1997, 38:2012–2022.

26. Christensen JH, Aaroe J, Knudsen N, Dideriksen K, Kornerup HJ, Dyerberg J,
Schmidt EB: Heart rate variability and n-3 fatty acids in patients with
chronic renal failure – a pilot study. Clin Nephrol 1998, 49:102–106.

27. Bowden RG, Jitomir J, Wilson RL, Gentile M: Effects of omega-3 fatty acid
supplementation on lipid levels in renal disease patients. J Ren Nutr 1999,
19:259–266.

28. Svensson M, Schmidt EB, Jorgensen KO, Christensen JH: N-3 fatty acid as
secondary prevention against cardiovascular events in patients who
undergo chronic hemodialysis: a randomized, placebo-controlled
intervention trial. Clin J Am Soc Nephrol 2006, 1:780–786.

29. Ratnayake WM, Sarwar G, Laffey P: Influence of dietary protein and fat on
serum lipids and metabolism of essential fatty acids in rats. Br J Nutr
1997, 78:459–467.

30. Laaksonen DE, Nyyssönen K, Niskanene L, Rissanen TH, Salonen JT:
Prediction of cardiovascular mortality in middle-aged men by dietary
and serum linoleic and polyunsaturated fatty acids. Arch Intern Med 2005,
165:193–199.

31. An WS, Kim SE, Kim KH, Lee S, Park Y, Kim HJ, Vaziri ND: Comparison of
fatty acid contents of erythrocyte membrane in hemodialysis and
peritoneal dialysis patients. J Ren Nutr 2009, 9:267–274.



Dessì et al. Lipids in Health and Disease 2014, 13:54 Page 7 of 7
http://www.lipidworld.com/content/13/1/54
32. Teslovich TM, Musunuru K, Smith AV, Edmondson AC, Stylianou IM, Koseki M,
Pirruccello JP, Ripatti S, Chasman DI, Willer CJ, Johansen CT, Fouchier SW, Isaacs
A, Peloso GM, Barbalic M, Ricketts SL, Bis JC, Aulchenko YS, Thorleifsson G,
Feitosa MF, Chambers J, Orho-Melander M, Melander O, Johnson T, Li X, Guo X,
Li M, Shin Cho Y, Jin Go M, Jin Kim Y, Lee JY, et al: Biological, clinical and
population prevalence of 95 loci for blood lipids. Nature 2010, 466:707–713.

33. Saifullah A, Watkins B, Saha C, Li Y, Moe SM, Friedman AN: Oral fish oil
supplementation raises blood omega-3 levels and lowers C-reactive
protein in hemodialysis patients: a pilot study. Nephrol Dial Transplant
2007, 22:3561–3567.

34. Gillet MP, Obineche EN, El-Rlhaimi M, Lakhani MS, Adbulle A, Sulaiman M:
Lecithin: cholesterol acyltransferase, dyslipoproteinemia and membrane
lipids in uraemia. J Nephrol 2001, 14:472–480.

35. Rizza S, Tesauro M, Cardillo C, Galli A, Iantorno M, Gigli F, Sbraccia P,
Federici M, Quon MJ, Lauro D: Fish oil supplementation improve
endothelial function in normoglycemic offspring of patients with type 2
diabetes. Atherosclerosis 2009, 206:569–574.

36. Vernaglione L, Cristofano G, Chimienti S: Omega-3 polyunsatured fatty
acids and proxies of cardiovascular disease in hemodialysis:
a prospective cohort study. J Nephrol 2008, 21:99–105.

doi:10.1186/1476-511X-13-54
Cite this article as: Dessì et al.: Plasma and erythrocyte membrane
phospholipids and fatty acids in Italian general population and
hemodialysis patients. Lipids in Health and Disease 2014 13:54.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods and results
	Conclusions

	Introduction
	Methods
	Study population
	Anthropometry and traditional CV risk profile
	Dietary pattern
	Plasma and erythrocyte lipid measurement
	Statistical analysis

	Results
	Discussion
	Limitations

	Conclusions
	Abbreviations
	Competing interests
	Authors’ contribution
	Author details
	References

