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Background & objectives: Fatty acids may affect the expression of genes, and this process is influenced by
sex hormones. Cytokines are involved in the pathogenesis of non-alcoholic fatty liver disease (NAFLD),
so this study was aimed to assess the association of erythrocyte membrane fatty acids with three cytokines
and markers of hepatic injury in NAFLD patients and to explore whether these associations were the
same in both sexes.
Methods: In this cross-sectional study, 62 consecutive patients (32 men and 30 women) with NAFLD during
the study period. Tumour necrosis factor-α (TNF-α), interleukin 6 (IL-6), monocyte chemoattractant
protein-1 (MCP-1), aspartate aminotransferase and alanine aminotransferase were measured in a
fasting serum sample, and Fibroscan was conducted for each individual. Gas chromatography was used
to measure erythrocyte membrane fatty acids. Univariate and multiple linear regressions were used to
analyze data.
Results: In men, IL-6 had a significant (P<0.05) positive association with total ω-3 polyunsaturated
fatty acids (PUFAs). In women, TNF-α had a significant positive association with total ω-3 (P<0.05) and
ω-6 (P<0.01) PUFAs, IL-6 had a significant (P<0.05) positive association with total monounsaturated
fatty acids and MCP-1 had a significant positive association with total trans-fatty acids (P<0.05).
No significant associations were observed between erythrocyte membrane fatty acids and liver
enzymes or Fibroscan report in both sexes. In this study, women were significantly older than men
[51 (42.75-55) vs 35.5 (29-52), P<0.01], so the associations were adjusted for age and other confounders.
Interpretation & conclusions: Erythrocyte membrane fatty acid profile was not associated with serum
liver enzymes or Fibroscan reports in NAFLD patients, but it had significant associations with serum
TNF-α, IL-6 and MCP-1 and these associations were probably sex dependent.
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Non-alcoholic fatty liver disease (NAFLD),
which is generally believed a hepatic manifestation
of metabolic syndrome is considerably increasing
worldwide because of dietary and lifestyle changes1.
It may progress to non-alcoholic steatohepatitis
(NASH) or cirrhosis, and hepatocellular carcinoma
and the disease process is strongly influenced by
proinflammatory cytokines2. Tumour necrosis
factor-α (TNF-α), interleukin 6 (IL-6) and monocyte
chemoattractant protein -1 (MCP-1) are among
the major cytokines studied in the pathogenesis of
NAFLD. Studies indicate that TNF-α is involved in
every aspect of NAFLD including insulin resistance
(IR), liver steatosis, necrosis, apoptosis and fibrosis3.
Even healthy individuals with higher TNF-α level are
at higher risk to develop NAFLD4. Adipose tissue and
liver are among the major sites of TNF-α secretion that
makes it an important factor in the pathogenesis of
NAFLD.
MCP-1 is a chemotactic factor for monocytes.
Previous studies indicate that increased expression
of MCP-1 is associated with increased macrophage
infiltration into the hepatic tissue and is associated with
hepatic steatosis and IR5. Patients with NAFLD have
a higher serum level of MCP-1 compared to healthy
controls, and it has the highest value in NASH6.
Numerous in vivo and in vitro studies have investigated
the role of IL-6 in the pathogenesis of IR, liver injury
as well as NAFLD. This cytokine could induce hepatic
IR and is significantly higher in patients with NAFLD
compared to other chronic liver diseases especially in
the presence of advanced histopathology findings7.
The fatty acid profile could affect cytokine levels in
the body. It could alter gene expressions, for example,
it has been shown that the type of fatty acids consumed,
may alter gene expressions, mainly through interaction
with transcription factors8. Plasma/serum fatty acid
profile has been found to be in close association with
pathogenesis of many diseases including NAFLD9. On
the other hand, sex hormones also affect cytokine gene
expressions and fatty acid metabolism10.
The erythrocyte membrane fatty acid (EMFA)
profile is a good predictor of tissue fatty acid
profile, which is the result of dietary supply, fatty
acid metabolism in the body, and genetic factors11.
This is partly due to the long half-life (120 days)
of erythrocytes. Therefore, erythrocyte membrane
fatty acid profile is an appropriate biomarker for
investigating the association between fatty acids and
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the pathology of diseases including NAFLD. The
aim of this study was thus, to assess the association
of erythrocyte membrane fatty acid profile with
serum cytokine levels (TNF-α, IL-6 and MCP-1) and
markers of hepatic injury (serum liver enzymes and
Fibroscan results) in patients with NAFLD. It was also
explored whether these associations were the same in
both sexes.
Material & Methods
In this cross-sectional study, 62 consecutive
patients (32 men, 30 women) who were newly
(within preceding one month) diagnosed with
NAFLD and referred to the Liver Disease Clinic
in Firoozgar Hospital, Iran University of Medical
Sciences, Tehran, Iran, during June-August in 2015,
were included. Patients were included if they were 18
yr or older, had steatosis based on ultrasonographic
findings and controlled attenuation parameter (CAP)
value above 180 (5%) in Fibroscan, had a stable
body weight (±2%) and physical activity for at
least three months before the study. The exclusion
criteria were liver stiffness measurement (LSM)
>10 in Fibroscan report (LSM is a marker of liver
fibrosis and as the liver is a major site of cytokine
extraction, advanced liver fibrosis may change their
serum levels), having diabetes [fasting blood sugar
(FBS) ≥126 mg/dl or using blood glucose lowering
drugs], using lipid lowering drugs, having drug abuse,
exposure to chemical pollutions, using steatogenic
or hepatotoxic drugs (such as amiodarone, calcium
channel blockers, perhexiline maleate, tamoxifen,
chloroquine, methotrexate, corticosteroids, synthetic
estrogens), using antioxidants or polyunsaturated fatty
acid (PUFA) supplements in the six months before
the study, having other acute or chronic liver diseases
(such as viral hepatitis or cirrhosis), using drugs that
affect weight (such as antidepressants, antipsychotics
and hormone therapy), having any endocrine diseases
which affect weight (such as hyperprolactinemia,
Cushing’s syndrome, thyroid disorders and congenital
adrenal hyperplasia), having kidney or heart diseases
or having a history of alcohol intake (>20 g/day).
This study was approved by the Ethics Committee
of Iran University of Medical Sciences, Tehran, Iran,
and all participants gave written informed consent.
Definition of fatty liver in sonography: In sonography,
fatty liver was diagnosed with an increase in hepatic
echogenicity using renal echogenicity as a reference, the
presence of enhancement and the lack of differentiation
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of periportal and bile duct walls reinforcement because
of great hyperechogenicity of the parenchyma12.
Fibroscan: Fibroscan (Echosens, Paris, France) is
an ultrasound-based vibration-controlled transient
elastography (VCTE™) device to assess liver
stiffness (measured in kPa, correlated to fibrosis) in a
non-invasive method by pressing a probe in between the
ribs. It also quantifies steatosis at the same time, using
the CAP which measures ultrasound attenuation and is
correlated with the decrease in amplitude of ultrasound
waves as they spread through the liver. The final CAP
value is the median of individual measurements and
ranges from 100 to 400 decibels per meter (dB/m)13.
In this study, 10 LSM were performed. The median
number from these 10 measurements was compared
with the designated values on the Fibroscan Scoring
Card.
Information on medical history and alcohol intake:
At baseline, a medical history questionnaire was
filled out for each participant. Alcohol intake was also
estimated using, the type of alcohol consumed, its
volume and the frequency of consumption. Fatty liver
was considered non-alcoholic if the patient consumed
<20 g of alcohol/day.
Anthropometric measurements: Weight, height and
waist circumference of the participants were measured
by a trained dietician according to the standard
protocols14. Body mass index (BMI) was calculated as
body weight (in kilograms) divided by the square of
height (in meters). Waist-to-hip ratio was calculated as
waist circumference divided by hip circumference.
Biochemical measurements: A 12 h fasting venous
blood sample (15 ml) was taken from each participant to
measure biochemical parameters. FBS, serum aspartate
aminotransferase (AST) and alanine aminotransferase
(ALT) were determined by AutoAnalyzer Alpha Classic
(Pars Azmon Kits, Tehran, Iran) and serum insulin
level by enzyme-linked immunosorbent assay (ELISA)
method (Diaplus Inc. Kit, North York, ON, Canada).
Hepatitis B surface antigen (HBsAg), hepatitis B
surface antibody, hepatitis B core antibody, hepatitis
C virus (HCV) antibody and antinuclear antibodies
(ANA) were evaluated using the third-generation
ELISA method by Acon kits (Acon lab, San Diego,
USA). Serum IL-6, TNF-α and MCP-1 levels were
determined by commercially available ELISA kits
(Human TNF-alpha Platinum ELISA, Human IL-6

Platinum ELISA and Human MCP-1 Platinum ELISA,
eBioscience, Inc., San Diego, USA) according to the
manufacturer’s instructions.
IR was assessed by homeostasis model assessment
-IR (HOMA-IR) index15 as follows:
HOMA-IR=[glucose (mg/dl) × Insulin (mU/l)]/405.

Fatty acid measurement in erythrocyte membrane:
Venous blood samples (15 ml) were centrifuged at
3000 g for 10 min at 4°C. Erythrocytes were separated.
Then an equal volume of physiological saline (sodium
chloride 0.9%) was added to the erythrocytes, shaken
and then centrifuged at 3000 g for 10 min at 4°C.
Erythrocytes were washed according to the above
procedure for three times. The washed erythrocytes
were aliquoted and stored at −80°C; 200 µl of washed
erythrocytes was evaporated to dryness under nitrogen
gas. Boron trifluoride-methanol solution 14 per cent
(2 cc) and methanol (1 ml) were added to the dried
erythrocytes and heated in ban marry for 10 min at
60°C. Then, 2 ml of n-hexane were added to each
tube and shaken for two minutes. After settling, the
n-hexane layer that contained the methylated fatty acids
was transferred into another tube, and the solvent was
removed by evaporation. The residue was re-dissolved
in 50 μl n-hexane, completely mixed and then 1 µl
of this solution was used for gas chromatograph.
YL6500 gas chromatograph (Young Lin instrument
company, Korea) equipped with a 60 m×0.25 mm
(film thickness 0.2 μm) capillary column (TR-CN100,
Teknokroma) and flame ionization detector was used
to measure EMFA profile. The analytic conditions
were as follows: a volume injection of 1 µl, carrier gas
hydrogen (2 ml/min), injector temperature of 240°C,
flame ionization detection at 280°C, split ratio of 1:20
and an oven temperature from 90° to 220°C with a
stepped temperature programme within a total run
time of 47 min. Thirty seven fatty acid methyl esters
were separated, using Supelco 37-Component fatty
acid methyl ester standard Mix (Sigma-Aldrich Co.
LLC, USA). Young Lin Autochro3000 chromatograph
data system, Version 2.0.15 (Young Lin Co. Ltd,
Anyang, South Korea) was used for quantification and
identification of peaks. Fatty acids were expressed as
the percentage of fatty acids curve area from the total
fatty acids curve areas in the chromatogram. The EMFA
profile is reported as the percentage of total saturated
fatty acids (SFAs), total monounsaturated fatty acids
(MUFAs), total ω-6 PUFAs, total ω-3 PUFAs, ω-6 to
ω-3 fatty acid ratio and total trans-fatty acids (TFAs).
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Statistical analysis: Data were presented as
mean±standard deviation or median (interquartile
range: IQR) for parametric and non-parametric
variables, respectively. Shapiro–Wilks test was used
to check the normality of the continuous variables
and arithmetic transformations were performed if
necessary. Continuous variables were compared
between the two sexes by Student’s t test. Univariate
linear regression was used to evaluate the relationship
between EMFA profile (Total SFA, MUFA, ω-6 PUFA,
ω-3 PUFA, ω-6 to ω-3 ratio and TFAs) as independent
variables and serum cytokines (TNF-α, IL-6 and MCP1) and markers of hepatic injury (LSM, CAP, serum
AST and ALT) as dependent variables. Variables with
P<0.2 in univariate linear regression, were entered
into multiple-linear regression. In multiple-linear
regression (backward method), all these relationships
were adjusted for factors, which could affect EMFA,
serum cytokine levels or markers of hepatic injury
including age, BMI and HOMA index. P<0.05 in
multiple linear regression was considered significant.
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SPSS statistics software version 23 (IBM SPSS
Statistics, Armonk, NY, USA) was used to analyze
data.
Results
Table I shows the baseline characteristics of
participants. In this study, 62 patients with NAFLD
were enrolled, of whom 32 were men (age range:
23-61 yr) and 30 were women (age range: 18-67 yr).
Among women, 16 were postmenopausal and 14
were premenopausal. Women were significantly older
(P<0.01), had higher BMI (P<0.05), CAP (P<0.01)
and serum IL-6 level (P<0.05). Waist-to-hip ratio and
serum ALT level were significantly (P<0.05) higher
in men. Serum AST, TNF-α, MCP-1, LSM, FBS,
fasting serum insulin, HOMA index and erythrocyte
membrane fatty acid profile were not significantly
different between men and women.
Association of serum cytokine levels with erythrocyte
membrane fatty acids in patients with NAFLD

Table I. Baseline characteristics of participants
Variables

Total (n=62)

Men (n=32)

Women (n=30)

46.50 (32.75‑53.00)

35.5 (29‑52)

51 (42.75‑55)**

30.83±4.91

29.43±4.89

32.32±4.56*

Waist to hip ratio

0.88 (0.85‑0.91)

0.89 (0.87‑0.94)

0.86 (0.84‑0.88)*

FBS (mg/dl)

101 (95‑114.75)

99 (94‑109)

106.5 (98.75‑123)

Serum insulin (μIU/ml)

10.65 (7.9‑15.62)

10.45 (6.22‑17.52)

10.95 (8.35‑14.15)

HOMA index

2.77 (1.90‑3.96)

2.67 (1.5‑4.58)

3.06 (2.05‑3.79)

322.50 (288.75‑330.0)

300 (261.25‑329)

326 (300‑340)**

Age (yr)
BMI (kg/m )
2

CAP
LSM (kpa)

7 (5‑8.5)

6.10 (5‑8.37)

7 (5.65‑8.50)

Serum AST (U/l)

35 (27‑45)

39.85 (28.25‑48.50)

33.5 (24.75‑42.75)

Serum ALT (U/l)

34 (25‑54)

38.5 (31.75‑72.25)

30.50 (19.75‑46.00)*

250.59 (196.12‑303.38)

259.26 (191.78‑303.08)

248.12 (202.31‑305.07)

Serum IL‑6 (pg/ml)

1.75 (1.24‑2.09)

1.44 (1.03‑2.03)

1.90 (1.48‑2.14)*

Serum TNF‑α (pg/ml)

2.90 (2.56‑3.53)

2.90 (2.50‑3.74)

2.90 (2.58‑3.43)

Erythrocyte SFA (%)

52.20 (48.34‑56.86)

52.38 (45.47‑58.01)

51.33 (48.55‑56.73)

Erythrocyte MUFA (%)

33.60 (27.62‑38.36)

33.56 (26.84‑39.06)

33.78 (30.52‑37.42)

Erythrocyte ω‑6 PUFA (%)

10.89 (8.60‑13.06)

9.75 (8.28‑12.90)

11.40 (8.91‑15.33)

Erythrocyte ω‑3 PUFA (%)

1.77 (1.20‑2.67)

1.64 (1.11‑2.51)

1.92 (1.40‑3.04)

Erythrocyte ω‑6 to ω‑3 ratio

6.23±3.49

6.90±4.12

5.49±2.49

1.27 (0.09‑1.81)

1.42 (0.00‑1.81)

0.72 (0.23‑1.85)

Serum MCP‑1 (pg/ml)

Erythrocyte TFA (%)

Data are presented as mean±SD or median (IQR) for parametric and non‑parametric variables, respectively. P *<0.05, **<0.01
compared to men. ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CAP, controlled attenuation
parameter; HOMA, homeostasis model assessment; LSM, liver stiffness measurement; MCP‑1, monocyte chemotactic protein 1;
MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; SFA, saturated fatty acid; TFA, trans‑fatty acid; TNF‑α, tumour
necrosis factor; B, B coefficient; IQR, interquartile range; SD, standard deviation; IL‑6, interlukin‑6; FBS, fasting blood sugar
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(Tables II and III): In total analysis, serum TNF-α had a
significant (P<0.05) negative association with MUFAs
and significant (P<0.05) positive associations with
ω-6 and ω-3 PUFAs of erythrocyte membrane in both
univariate and multiple analysis. Serum MCP-1 had a
significant (P<0.05) positive association with TFAs of
erythrocyte membrane in both univariate and multiple
analysis. Serum IL-6 was not associated with any of
erythrocyte membrane fatty acids.

In women, serum TNF-α had a significant positive
association with ω-3 (P<0.05) and ω-6 (P<0.01)
PUFAs of erythrocyte membrane, serum IL-6 had
a significant (P<0.05) positive association with
MUFAs of erythrocyte membrane and serum MCP-1
had a significant (P<0.05) positive association with
TFAs of erythrocyte membrane. These associations
were significant in both univariate and multiple
analyses.

In men, the only significant association was
between serum IL-6 and ω-3 PUFAs of erythrocyte
membrane. Serum IL-6 had a significant (P<0.05)
positive association with ω-3 PUFAs of erythrocyte
membrane in both univariate and multiple analyses.
Serum TNF-α and MCP-1 were not associated with
any of erythrocyte membrane fatty acids either in
univariate or multiple analyses.

Association of markers of hepatic injury with
erythrocyte membrane fatty acids in patients with
NAFLD (Table IV): In total analysis, CAP had a
significant (P<0.05) negative association with ω-6
to ω-3 ratio of erythrocyte membrane in univariate
analysis but in multiple analysis, this association did not
remain significant (not shown in the Table). There was
no other significant associations between erythrocyte

Table II. Univariate linear regression analysis of serum cytokines with erythrocyte membrane fatty acids in patients with non‑alcoholic
fatty liver
Variables

Serum TNF‑α
B

Serum IL‑6

Serum MCP‑1

CI

B

CI

B

CI

0.02

−0.07‑0.08

0.02

−9.85‑11.62

All
Erythrocyte SFA

−0.004

−0.01‑0.01

Erythrocyte MUFA

−0.26

−0.03‑−0.001

−0.02

−0.02‑0.01

−0.005

−10.12‑9.70

Erythrocyte ω‑6 PUFA

0.24*

0.000‑0.07

−0.014

−0.06‑0.01

−0.20

−39.60‑3.92

*

Erythrocyte ω-3 PUFA

0.25

*

0.001‑0.07

0.14

−0.02‑0.07

−0.01

−25.30‑22.13

Erythrocyte ω‑6 to ω‑3 ratio

0.02

−0.04‑0.05

−0.22

−0.10‑0.007

−0.17

−50.46‑8.83

Erythrocyte TFA

0.18

−0.01‑0.12

0.01

−0.07‑0.08

0.29

*

8.39‑87.62

Erythrocyte SFA

0.19

−0.01‑0.03

0.08

−0.02‑0.03

0.13

−1.69‑3.61

Erythrocyte MUFA

−0.24

−0.03‑0.007

−0.19

−0.03‑0.01

−0.04

−2.54‑1.98

Erythrocyte ω‑6 PUFA

0.04

−0.05‑0.06

−0.03

−0.07‑0.06

−0.008

−6.50‑6.21

Erythrocyte ω‑3 PUFA

0.09

−0.05‑0.09

0.39

0.008‑0.17

−0.08

−9.74‑6.16

Erythrocyte ω‑6 to ω‑3 ratio

0.11

−0.04‑0.08

−0.34

−0.13‑0.005

−0.11

−8.88‑4.80

Erythrocyte TFA

0.17

−0.06‑0.18

0.11

−0.10‑0.19

−0.17

−19.31‑6.72

Erythrocyte SFA

−0.27

−0.04‑−0.007

−0.09

−0.03‑0.02

0.004

−24.93‑25.43

Erythrocyte MUFA

−0.34

−0.05‑0.001

0.37

0.001‑0.06

0.02

−26.11‑30.16

Erythrocyte ω‑6 PUFA

0.49**

0.02‑0.10

−0.31

−0.09‑0.008

−0.30

−78.14‑7.44

Erythrocyte ω‑3 PUFA

0.42

*

0.009‑0.09

−0.07

−0.06‑0.04

−0.02

−45.89‑40.003

Erythrocyte ω‑6 to ω‑3 ratio

−0.20

−0.15‑0.04

0.09

−0.08‑0.13

−0.29

−155.28‑18.45

Erythrocyte TFA

0.21

−0.03‑0.13

−0.06

−0.11‑0.07

0.39

8.63‑149.93

Men

*

Women
*

*

P *<0.05, **<0.01 compared to men. B, B coefficient; CI, confidence interval; IL‑6, interleukin 6; MCP‑1, monocyte chemotactic
protein 1; MUFA, monounsaturated fatty acids, PUFA, polyunsaturated fatty acids; SFA, saturated fatty acid; TFA, trans‑fatty acid;
TNF‑α, tumour necrosis factor
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Table III. Multiple linear regression analysis of serum cytokines with erythrocyte membrane fatty acids in patients with non‑alcoholic
fatty liver
Parameters

Serum TNF‑α
B

†

Serum IL‑6

Serum MCP‑1

CI

B

CI

B

CI

0.01

−0.01‑0.02

0.01

−10.41‑11.51

†

†

All
Erythrocyte SFA

0.006

−0.02‑0.02

Erythrocyte MUFA

−0.28

−0.03‑0.003

0.07

−0.01‑0.02

−0.005

−10.49‑10.10

Erythrocyte ω‑6 PUFA

0.26*

0.002‑0.07

−0.20

−0.07‑0.006

−0.21

−40.46‑4.19

*

Erythrocyte ω‑3 PUFA

0.28

*

0.007‑0.08

0.04

−0.03‑0.05

−0.004

−25.05‑24.34

Erythrocyte ω‑6 to ω‑3 ratio

−0.02

−0.05‑0.05

−0.15

−0.09‑0.02

−0.20

−54.70‑7.73

Erythrocyte TFA

0.19

−0.01‑0.12

−0.02

−0.08‑0.07

0.29

*

8.39‑87.62

Erythrocyte SFA

0.22

−0.009‑0.04

0.07

−0.02‑0.03

0.13

−1.69‑3.61

Erythrocyte MUFA

−0.26

−0.03‑0.004

−0.04

−0.02‑0.02

−0.03

−2.73‑2.29

Erythrocyte ω‑6 PUFA

0.06

−0.05‑0.07

−0.17

−0.10‑0.03

−0.01

−7.27‑6.74

Erythrocyte ω‑3 PUFA

0.16

−0.04‑0.10

0.39

*

0.008‑0.17

−0.10

−11.29‑6.86

Erythrocyte ω‑6 to ω‑3 ratio

−0.02

−0.07‑0.06

−0.27

−0.12‑0.01

−0.13

−9.39‑4.54

Erythrocyte TFA

0.16

−0.06‑0.17

−0.05

−0.17‑0.13

−0.17

−19.31‑6.72

Men

Women
Erythrocyte SFA

−0.22

−0.04‑0.011

−0.06

−0.03‑0.02

−0.02

−27.98‑24.32

Erythrocyte MUFA

−0.34

−0.05‑0.001

0.37*

0.001‑0.06

0.03

−25.35‑30.61

Erythrocyte ω‑6 PUFA

0.49

−78.14‑7.44

0.02‑0.10

−0.31

−0.09‑0.008

−0.30

Erythrocyte ω‑3 PUFA

0.42

*

0.009‑0.09

−0.09

−0.06‑0.04

−0.009

−45.65‑43.64

Erythrocyte ω‑6 to ω‑3 ratio

−0.19

−0.14‑0.04

0.08

−0.08‑0.13

−0.29

−155.28‑18.45

Erythrocyte TFA

0.21

−0.03‑0.13

−0.03

−0.10‑0.08

0.39*

8.63‑149.93

**

P *<0.05, **P<0.01 compared to men. †All associations are adjusted for age, BMI and HOMA index. B, B coefficient; BMI, body
mass index; CI, confidence interval; HOMA, homeostasis model assessment; MCP‑1, monocyte chemotactic protein 1; MUFA,
monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; SFA, saturated fatty acid; TFA, trans‑fatty acid; TNF‑α, tumour
necrosis factor; IL‑6, interleukin 6

membrane fatty acids and markers of hepatic injury in
total analysis or each sex separately.
Discussion
In this study, there was not any significant
association between markers of hepatic injury and
erythrocyte membrane fatty acid profile in either
men or women. This was in accordance with another
study which did not find any significant difference
in erythrocyte membrane fatty acids between NASH
and simple steatosis16. However, serum cytokines had
significant associations with erythrocyte membrane
fatty acid profile. In total analysis, serum TNF-α had
a significant positive association with ω-6 PUFAs
and a significant negative association with MUFAs.
As TNF-α is known as an inflammatory cytokine, its

positive association with ω-6 PUFAs and its negative
association with MUFAs are in accordance with the
known inflammatory role of ω-6 PUFAs17 and the
anti-inflammatory role of MUFAs18.
There was also a significant positive association
between ω-3 PUFAs of erythrocyte membrane and
serum TNF-α level which was in contrast with the
suggested anti-inflammatory role for ω-3 fatty acids19,
but another study also reported higher ω-3 PUFAs in
erythrocyte membrane of obese individuals compared
to the control group20. The contrast may be the result of
different tissues used to assess fatty acids or different
study populations regarding age, sex, BMI or race
(genetic differences) which influence PUFA metabolism.
In this study, ω-6 to ω-3 ratio of erythrocyte had
no significant associations with serum cytokines while
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Table IV. Univariate linear regression analysis of Fibroscan report and serum liver enzymes with erythrocyte membrane fatty acids in
patients with non‑alcoholic fatty liver
Variables

Serum AST

Serum ALT

LSM

CAP

B

CI

B

CI

B

CI

B

CI

0.14

−0.22‑0.85

0.16

−0.28‑1.32

−0.003

−0.08‑0.08

0.14

−0.56‑2.07

Erythrocyte MUFA

0.02

−0.44‑0.55

0.01

−0.71‑0.78

−0.04

−0.09‑0.06

−0.16

−1.98‑0.44

Erythrocyte ω‑6 PUFA

−0.17

−1.84‑0.36

−0.14

−2.64‑0.70

0.15

−0.07‑0.28

−0.02

−2.98‑2.55

Erythrocyte ω‑3 PUFA

−0.13

−1.80‑0.57

−0.15

−2.88‑0.66

0.05

−0.15‑0.23

0.12

−1.45‑4.40

Erythrocyte ω‑6 to ω‑3 ratio

0.17

−0.45‑2.54

0.21

−0.29‑4.17

−0.13

−0.37‑0.11

−0.25

−7.38‑ ‑0.14

Erythrocyte TFA

−0.14

−3.26‑0.89

−0.13

−4.81‑1.42

−0.14

−0.52‑0.14

−0.07

−6.71‑3.59

Erythrocyte SFA

0.27

−0.16‑1.14

0.28

−0.22‑2.05

−0.11

−0.16‑0.08

0.17

−1.01‑2.83

Erythrocyte MUFA

−0.10

−0.72‑0.41

−0.08

−1.22‑0.77

0.06

−0.08‑0.12

−0.21

−2.54‑0.68

Erythrocyte ω‑6 PUFA

−0.18

−2.40‑0.77

−0.17

−4.07‑1.48

0.07

−0.23‑0.35

0.002

−4.62‑4.66

Erythrocyte ω‑3 PUFA

−0.09

−2.50‑1.52

−0.20

−5.40‑1.52

0.09

−0.28‑0.46

0.27

−1.23‑9.95

Erythrocyte ω‑6 to ω‑3 ratio

0.17

−0.89‑2.54

0.18

−1.50‑4.49

−0.09

−0.40‑0.23

−0.22

−7.93‑1.85

Erythrocyte TFA

−0.20

−5.15‑1.41

−0.23

−9.35‑2.05

−0.08

−0.75‑0.48

−0.09

−11.95‑7.27

0.02

−0.87‑1.00

0.004

−1.07‑1.09

0.16

−0.07‑0.18

0.08

−1.25‑1.93

Erythrocyte MUFA

0.18

−0.53‑1.53

0.12

−0.81‑1.59

−0.24

−0.23‑0.05

0.07

−1.43‑2.13

Erythrocyte ω‑6 PUFA

−0.13

−2.24‑1.08

−0.07

−2.30‑1.55

0.22

−0.08‑0.36

−0.15

−3.94‑1.70

Erythrocyte ω‑3 PUFA

−0.14

−2.20‑0.97

−0.09

−2.30‑1.37

0.01

−0.21‑0.23

−0.06

−3.18‑2.26

Erythrocyte ω‑6 to ω‑3 ratio

0.13

−2.14‑4.58

0.15

−2.32‑5.39

−0.17

−0.67‑0.25

−0.14

−7.83‑3.59

Erythrocyte TFA

−0.10

−3.62‑2.11

−0.05

−3.76‑2.85

−0.21

−0.61‑0.16

−0.10

−6.16‑3.57

All
Erythrocyte SFA

*

Men

Women
Erythrocyte SFA

P<0.05. ALT, alanine aminotransferase; AST, aspartate aminotransferase; B, B coefficient; CAP, controlled attenuation parameter; CI,
confidence interval; LSM, liver stiffness measurement; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; SFA,
saturated fatty acid; TFA, trans‑fatty acid
*

both of these had significant associations with serum
TNF-α separately. Deckelbaum21 also suggested that
total amount of each one of these fatty acids had more
utility than their ratio. The ratio could mask the very
low or high intakes of each one of them21.
TFAs of erythrocyte membrane showed a
significant positive association with serum MCP-1 in
this study. A positive association between membrane
levels of trans-fatty acids and systemic inflammatory
responses has also been reported in established heart
disease22.
The significant positive association of serum
TNF-α with ω-6 and ω-3 PUFAs and the significant
positive association of serum MCP-1 with TFAs of
erythrocyte membrane existed only in women. In
addition to these associations, serum IL-6 also had
a significant positive association with MUFAs of

erythrocyte membrane in this group. Although this is
in contrast with the anti-inflammatory role of MUFAs,
it has been reported that higher MUFAs in erythrocyte
membranes are a predictor of postmenopausal breast
cancer23 and simultaneously, cumulative exposure to
IL-6 increases the risk of its recurrence24. In men, the
association of erythrocyte membrane fatty acid profile
and the serum cytokines was limited to the significant
positive association between ω-3 PUFAs and serum
IL-6 level.
Based on these findings, it can be concluded
that EMFA profile has significant associations with
the serum level of TNF-α, IL-6 and MCP-1 and
these associations are probably sex-dependent and
more significant in women. This could be explained by
the difference in body fat mass, its distribution and the
effect of sex hormones on cytokine gene expressions
and fatty acid metabolism25. For instance, oestrogen

AMIRKALALI et al: ERYTHROCYTE FATTY ACIDS & CYTOKINES IN FATTY LIVER

could increase docosahexaenoic acid synthesis in
women26, so the power of association between ω-3
PUFAs and inflammatory markers may be different
between men and women. Feltham et al10 also showed
that the influence of fatty acids on gene expression was
sex dependent in a mouse model.
In the present study, 53 per cent of the women
were postmenopausal but due to higher adipose
tissue (as an important source of estradiol) in
women, and higher steroid levels in adipose tissue
of postmenopausal women compared to their plasma
levels27, postmenopausal status did not cover the
sex-dependent association between fatty acids and
cytokines. Though menopause is associated with
increased serum cytokine levels, the levels are still
comparable to those of men28. Therefore, the effect
of menopausal status on the observed sex-dependent
association between fatty acids and cytokines is
probably low.
In the present study, all the relationships were
adjusted for factors, which could affect erythrocyte
membrane fatty acids, serum cytokines or hepatic
injury (including age, BMI and HOMA index), so
that the independence of these associations could
be confirmed. This study also had some limitations.
The cross-sectional nature of this study did not allow
establishing causal relationships, so it was more a
hypothesis-generating study. A larger sample size
with biopsy-proven pathologic findings (to separate
simple steatosis from NASH) may further clarify
these associations. Although all the associations in
this study were adjusted for age, BMI and HOMA
index, it is suggested that men and women to be
carefully matched for confounding variables in future
studies.
In conclusion, erythrocyte membrane fatty
acid profile was not associated with markers of
hepatic injury in NAFLD, but it showed significant
associations with serum TNF-α, IL-6 and MCP1 levels and these associations were probably sex
dependent.
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