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ABSTRACT

Metabolic syndrome (MetS) is a chronic disease with inflammatory and hypercoagulable states.
The current study aimed to compare the effects of flaxseed oil and sunflower oil consumption
on the coagulation score and selected oxidative and inflammatory parameters in patients with
MetS. In this randomized controlled clinical trial, 60 patients with MetS were allocated into

2 groups. One group received 25 mL/day flaxseed oil and the other group received 25 mL/day
sunflower oil for 7 weeks. Maintenance diet including 15% protein, 55% carbohydrate, and
30% fat from daily total energy intake was designed for each participant. Serum levels of total
antioxidant capacity (TAC) and interleukin 6 (IL-6), as well as coagulation score were measured
before and after the intervention. Three 24-hour food records were taken during the study.
Fifty-two of participants (27 in sunflower oil and 25 in flaxseed oil groups) completed the study.
The baseline characteristics and dietary intakes were similar between patients. After 7 weeks,
no significant difference was observed between the 2 groups regarding the serum TAC level
and coagulation score (p > 0.05). However, serum IL-6 levels significantly decreased in the
flaxseed oil group compared to the sunflower oil group (p = 0.017). No side effect was observed
during the study due to the use of sunflower and flaxseed oils. We observed that consumption
of flaxseed oil improved serum IL-6 levels but had no effect on oxidative stress and coagulation
score in patients with MetS. Further studies are needed to confirm the veracity of our results.

Trial Registration: Iranian Registry of Clinical Trials Identifier: IRCT2015012020737N1
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63

ssaaduIjwx §s§ Aq pejessusn


https://en.irct.ir/trial/18335
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0001-7829-9709
https://orcid.org/0000-0001-7829-9709
https://orcid.org/0000-0001-8686-3293
https://orcid.org/0000-0001-8686-3293
https://orcid.org/0000-0002-0365-0637
https://orcid.org/0000-0002-0365-0637
https://orcid.org/0000-0002-4575-7715
https://orcid.org/0000-0002-4575-7715
https://orcid.org/0000-0001-9952-6579
https://orcid.org/0000-0001-9952-6579
https://orcid.org/0000-0001-9582-9839
https://orcid.org/0000-0001-9582-9839
https://orcid.org/0000-0002-8664-7221
https://orcid.org/0000-0002-8664-7221
https://orcid.org/0000-0002-0554-538X
https://orcid.org/0000-0002-0554-538X
https://orcid.org/0000-0002-6062-3811
https://orcid.org/0000-0002-6062-3811
https://orcid.org/0000-0001-7829-9709
https://orcid.org/0000-0001-8686-3293
https://orcid.org/0000-0002-0365-0637
https://orcid.org/0000-0002-4575-7715
https://orcid.org/0000-0001-9952-6579
https://orcid.org/0000-0001-9582-9839
https://orcid.org/0000-0002-8664-7221
https://orcid.org/0000-0002-0554-538X
https://orcid.org/0000-0002-6062-3811
https://e-cnr.org
http://crossmark.crossref.org/dialog/?doi=10.7762/cnr.2020.9.1.63&domain=pdf&date_stamp=2020-01-29

;

CI1I

Effects of Flaxseed Oil and Sunflower Oil in Metabolic Syndrome Patients CLINICAL NUTRITION RESEARCH

Iranian Registry of Clinical Trials Identifier:
IRCT2015012020737N1

The authors declare that they have no
competing interests.

https://e-cnr.org

Metabolic syndrome (MetS) is a chronic disease with inflammatory and hypercoagulable
states [1]. This chronic inflammatory condition is called metaflammation or para
inflammation, having increased levels of inflammatory cytokines, including interleukin-6
(IL-6) [2,3]. MetS patients are also vulnerable to oxidative stress due to excessive production
of reactive oxygen species (ROS) and a weak antioxidant defense system. Oxidative stress

is associated with insulin resistance and chronic inflammation. Nowadays, MetS is one of
the most important public health issues with increasing prevalence rates [4,5]. Considering
the association between the components and complications of MetS such as inflammation,
excessive ROS, and endothelial and fibrinolysis dysfunction [6,7], recent studies have
proposed to add some important items such as subclinical inflammatory factors to MetS
components because of their potential roles in cardiovascular disease (CVD) and type 2
diabetes mellitus (T2DM) pathogenesis [8].

Studies have shown that functional foods have beneficial effects on MetS status and other
health issues. In fact, one or more food items in a regular diet can change metabolic features
or cell signaling pathways [9,10]. Currently, flaxseed is one of the most attractive functional
foods. Flaxseed oil is a major source of alpha-linolenic acid (ALA) (50%-60% of whole fatty
acids composition), which has higher bioavailability in comparison to its milled or whole
seed [11-13]. Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) from ALA possess
anti-inflammatory and anti-platelet aggregation properties, while arachidonic acid (AA(,

the end product of linoleic acid (LA) metabolism, has the opposite effects [10]. Other useful
components of flaxseed oil are phenolic acid and phenolic compounds (p-coumarin acid
and pherolic acid) [12]. It also contains vitamin E in form of y-tocopherol and thus protects
cellular membrane lipids from oxidation [13].

According to the results of some clinical studies, omega-3 fatty acids and ALA had a
potential role against inflammatory mediators [5,13,14]. Indeed, flaxseed might be able to
reduce the risk of CVD due to its antioxidant, anti-platelet adhesion, and other bioactive
properties [3,14,15]. Considering the conflicting results [14,15], this study aims to compare
the effects of flaxseed oil as a good source of ALA to those of sunflower oil as a common
vegetable oil in the family food basket on the total antioxidant capacity (TAC), IL-6, and
coagulation score.

Study design

In this randomized controlled clinical trial, 60 participants were randomly assigned to

the control (n = 30, receiving 25 mL/day sunflower oil) or the intervention group (n = 30,
receiving 25 mL/day flaxseed oil) using the block method. Sample size was based on the
previous study in this field and based on the formula of mean difference between the 2
groups with o = 0.05 and 80% power and mean difference equal to 0.48 and standard
deviation of 0.6. The sample size was determined at least 25. Considering a dropout rate of
20%, the number of samples increased to 30 in each group.

After a 3-week washout period, the participants were re-examined in the 2 groups. In
order to increase accuracy, a measuring spoon was given to each participant. According
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to weight and estimated energy requirement equation, individualized diets were designed
such a way to contain 55% carbohydrate, 30% fat, and 15% protein. The participants were
asked not to change their physical activity levels and to report any changes in their diets or
medications and any adverse effects following the consumption of oil throughout the study.
The compliance of the participants with the study procedure was monitored via phone and
interviews, twice a month. The study followed the Declaration of Helsinki guidelines and
was approved by the local Ethics Committee of Shiraz University of Medical Sciences (SUMS)
(IR.SUMS.REC.1394.108). It was also registered in the Iranian Registry of Clinical Trials (No.
IRCT2015012020737N1).

Study population

The participants were 30—60 years old and were diagnosed with MetS. According to the
National Cholesterol Education Program's Adult Treatment Panel IV report criteria (NCEP
ATP 1V), MetS was diagnosed by the medical doctor in healthy heart Shiraz home based on
the presence of three or more of the following criteria: waist circumference > 102 cm or 40
inches for males and > 88 cm or 35 inches for females, fasting blood sugar (FBS) > 110 mg/
dL, high-density lipoprotein cholesterol (HDL-C) < 40 mg/dL for males and < 50 mg/dL

for females, fasting triglyceride (TG) level > 150 mg/dL, and systolic blood pressure (SBP) >
130 mmHg or diastolic blood pressure (DBP) > 85 mmHg. The patients were recruited from
a screening program in healthy heart Institute in Shiraz from April to July 2017. Written
informed consent was obtained from each participant before the study. The exclusion
criteria of the study were suffering from any chronic diseases such as cancer, autoimmune
or inflammatory diseases, and kidney and liver problems, taking lipid, blood pressure, or
glucose-lowering medications, consuming dietary supplements containing omega-3 fatty
acid, using aspirin, propranolol, and non-steroidal anti-inflammatory drugs or any form of
steroids, participating in other studies, and having a history of hospitalization or surgery,
pregnancy, and lactation. The participants who reported any adverse effects or started taking
any of the aforementioned medications were also excluded from the study.

Dietary intakes and blood sampling

All participants filled out 3-day food records (2 weekdays and 1 weekend) at the beginning and
after the study. At the beginning and at the end of the study, 2 mL venous blood samples were
taken after a 12-hour overnight fasting. Blood clot tubes were centrifuged at 2,500 rpm at 4°C
for 10 minutes. Serum TAC was measured using ELISA kit (ZellBio GMBH, Ulm, Germany).
IL-6 level was also assessed using ELIZA kit (IBL International GMBH, Hamburg, Germany).

In order to measure the coagulation score, blood samples were obtained from the patients
via venipuncture. The blood was decalcified (by collecting it into a tube with oxalate or citrate
ions) to prevent the clotting process from starting before the test. Then, blood cells were
separated from the liquid part of the blood (plasma) by centrifugation. The prothrombin
time (PT) test was performed by adding the plasma to some sources of tissue factor, such

as protein or thromboplastin from homogenized brain tissue that converts prothrombin

to thrombin. The mixture was then kept in a warm water bath at 37°C for 1 or 2 minutes.
Afterwards, calcium chloride (excess quantities of ionized calcium) was added to the

mixture in order to counteract the sodium citrate and allow clotting to start. The PT test was
determined by timing from the addition of calcium chloride until the plasma clotted.

In order to carry out partial thromboplastin time (PTT) test, decalcified blood was used to
prevent clotting before the test. At the beginning, the plasma was separated via centrifugation.
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After that, ionized calcium and activating substances were added to the plasma to start the
intrinsic pathway of the coagulation cascade. These substances included kaolin (hydrated
aluminum silicate) and cephalin. Kaolin served to activate the contact-dependent factor XII,
and cephalin substituted for platelet phospholipids. The PTT refers to the time it takes for a
blood clot to form, measured in seconds. Normally, the sample clots in 35 seconds.

Data analysis

The data were analyzed using the SPSS statistical software, version 19.0 (SPSS Inc., Chicago,
IL, USA). Normal distribution of the variables was verified by Shapiro-Wilks test. Student's
t-test and paired t-test were used to assess between-group and within-group changes,
respectively. The p < 0.05 was considered to be statically significant.

RESULTS

The flow chart of participants through the trial is presented in Figure 1. Eighty-five patients
with MetS were primarily assessed against the inclusion and exclusion criteria. Sixty
participants met the criteria and were randomly assigned into the flaxseed oil or sunflower
oil group. Five participants were excluded from the flaxseed oil group during follow-up phase
due to an unwillingness to continue the study. In addition, 3 participants were excluded
from the sunflower oil group during follow-up phase due to travel and personal problems.
Therefore, 52 subjects completed the trial and included to final analysis. No side effects were
reported in participants during the intervention.

Assessed for eligibility (n = 85)

Excluded (n = 25)

- Not meeting inclusion criteria (n =12)
- Declined to participate (n = 5)

- Other reasons (n = 8)

Randomized (n = 60)

Sunflower oil Flaxseed oil
Allocated to intervention (n = 30) Allocation Allocated to intervention (n = 30)
Received allocated intervention (n = 30) Received allocated intervention (n = 30)

Lost to follow-up (n = 3)
Travel and personal problems (n = 3)

Lost to follow-up (n = 5)

Follow-up Unwillingness to continue the study (n = 5)

Analyzed (n = 27) Analysis Analyzed (n = 25)

Figure 1. Flow diagram of the enrolled participants.
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Table 1. Flaxseed oil and sunflower oil fatty acids specifications

Fatty acids Sunflower oil Flaxseed oil
C16 7.8 71
Cc18 4.9 8.3
C20 0.4 0
Cc22 0.9 0
C18:1 27.6 27.5
C18:2 58.0 16.1
C18:3 0 41.0
C20:1 0.4 0
SFA 14.0 15.4
MUFA 28.0 27.5
PUFA 58.0 57.1

All values represent the percentage of total fatty acids.
SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid.

Oils specifications have been presented in Table 1. Accordingly, the amounts of saturated fatty
acids (SFAs), monounsaturated fatty acids (MUFAs), and polyunsaturated fatty acids (PUFAs)
were equal in flaxseed oil and sunflower, but the percentages and kinds of PUFAs were different.

Demographics

According to Table 2, no significant differences were observed between the flaxseed oil and
sunflower oil groups regarding demographic and biochemical characteristics at the baseline.
Sex and age distributions were also similar in the 2 groups.

Dietary intake

Based on the 24-hour recall assessment, no statistically significant difference was seen between
the 2 groups in terms of dietary intakes of energy, fat and omega-3 fatty acids (Table 3).

Table 2. The participants' baseline characteristics

Factor Group
Total (n = 52) Sunflower oil (n = 27) Flaxseed oil (n = 25) p value®

Age (yr) 46.57 + 5.44 46.11+4.76 47.03 £6.11 0.546
Sex (M/F) 27/25 14/12 13/13 0.786
Weight (kg) 80.24 +10.46 81.20 + 11.31 79.28 + 9.68 0.514
IL-6 (pg/mL) 9.30 +1.03 9.92 + 0.92 9.37+1.15 0.621
TAC (pg/mL) 0.23 + 0.03 0.24 + 0.03 0.23 + 0.03 0.440
PT (sec) 13.85 + 3.01 13.44 £ 0.95 14.27 £ 4.16 0.328
PTT (sec) 37.62 £ 7.61 38.58 +8.75 36.65 + 6.31 0.368
INR 1.08 £ 0.24 1.08 £ 0.15 1.09 = 0.31 0.867

Data have been presented as mean + standard deviation.

IL-6, interleukin 6; TAC, total antioxidant capacity; PT, prothrombin time; PTT, partial thromboplastin time; INR,
international normalized ratio.

*The p value was obtained from Independent samples t-test.

Table 3. The participants' dietary intakes at the baseline and during the intervention

Dietary intakes

Baseline During the intervention

Sunflower oil (n = 27) Flaxseed oil (n =25) pvalue®  Sunflower oil (n = 27) Flaxseed oil (n =25)  p value®

Energy (kcal/day) 9,445.79 +143.92 9,387.80 + 162.40 0178 9,453.63 + 90.62 2,400.31 + 116.12 0.071
Fat (% of energy) 25.00 +1.51 24.91 +1.99 0.856 27.74 + 2.05 26.99 +2.13 0.199
SFA (% of total energy) 12.52 +1.19 12.77 £1.09 0.446 7.00 + 0.76 7.37 + 0.83 0.109
PUFA (% of total energy) 3.80 £ 0.48 3.92 +0.41 0.324 15.98 + 0.94 16.29 = 0.99 0.256
Omega-3 fatty acids (% of total energy) 1.34+ 0.1 1.38 +0.24 0.444 0.80 + 0.12 0.85+1.05 <0.001

Data have been presented as mean + standard deviation.
SFA, saturated fatty acid; PUFA, polyunsaturated fatty acid.
*Paired t-test (within groups before and after the intervention).
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Table 4. Comparison of changes in TAC, IL-6, PT, PTT, and INR between and within the 2 groups

Factor Group p value®
Sunflower oil (n = 27) Flaxseed oil (n = 25)
Before After p value Before After p value”

Weight (kg) 81.20 +11.31 80.41+11.18 0.001 79.28 £ 9.68 78.26 + 9.55 0.002 0.460
IL-6 (pg/mL) 9.92 + 0.92 8.48 +1.06 0.006 9.37+115 7.90 + 0.52 <0.001 0.017
TAC (pg/mL) 0.24 + 0.03 0.26 + 0.05 0.013 0.23 +0.03 0.27 + 0.03 <0.001 0.339
PT (sec) 13.44 £ 0.95 13.29 £1.05 0.622 14.27 £ 4.16 13.77 £ 3.99 0.138 0.552
PTT (sec) 38.58 + 8.75 37.69 £ 2.13 0.120 36.65 £ 6.31 36.10 + 3.59 0.210 0.840
INR 1.08 + 0.15 1.05+0.18 0.595 1.09 £ 0.31 1.00 £ 0.00 0.163 0.174

All values represent mean + standard deviation.
IL-6, interleukin 6; TAC, total antioxidant capacity; PT, prothrombin time; PTT, partial thromboplastin time; INR, international normalized ratio.
*The p value was obtained from paired t-test; Tp value was obtained from analysis of variance.

https://e-cnr.org

Findings recorded in the 2 groups of participants before and after intervention
The results depicted in Table 4 illustrated a reduction in serum IL-6 level in comparison to
the beginning of the study. Changes in IL-6 level were also significant within and between
the 2 study groups (p = 0.017). Nonetheless, no significant differences were found in the two
groups concerning the TAC and coagulation scores compared to the baseline (p > 0.05).

DISCUSSION

The study results revealed that flaxseed oil had favorable effects on reducing the
inflammatory status, including serum IL-6 concentration, in MetS patients. The adjusted diet
for the participants altered the n-6: n-3 ratio. n-6 and n-3 compete for the main enzymes in
the fatty acid metabolism pathway, namely lipoxygenase and cyclooxygenase. Consumption
of the two fatty acids leads to a decline in the production of prostaglandin E2 and leukotriene
B4. It has been proposed that the reduction of these two eicosanoids could decrease the
production of inflammatory markers, such as IL-6 [16].

Su et al. [17] and Nelson et al. [18] reported that consumption of 5% of total energy from
(ALA) had no significant effects on reduction of serum IL-6 level in healthy abdominally
obese adults. Indeed, receiving 3 g/day ALA caused no significant changes in IL-6 levels
among patients with type 2 diabetes mellitus. In another study, the low and high doses of
flaxseed oil were unable to change IL-6 and some other inflammatory parameters in MetS
patients [19]. In the present study, the patients were required to consume approximately
10 g/day ALA. However, inflammatory status is different in various diseases. For instance,
CVD has an elevated level of inflammatory markers. On the other hand, MetS is a
proinflammatory status and has different conditions in comparison to abdominal obesity.
These discrepancies may result from the baseline levels of inflammatory markers as well
as habitual diets, which are the main influential factors. Consequently, replacement of
various fatty acids in the diet may be accompanied with different outcomes, indicating the
importance of a habitual diet. On the other hand, it seems that replacement of n-3 with n-6
fatty acids was not effective in healthy individuals or those with low levels of inflammatory
markers [20]. In this regard, observational studies have shown conflicting results [21,22].
Rallidis et al. [16] reported that ALA from flaxseed oil (15 mL/day) reduced C-reactive
protein (CRP), serum amyloid A (SAA), and IL-6 in dyslipidemic patients. In another trial,
taking 8.1 g/day ALA decreased IL-6 and other inflammatory markers, such as CRP, SAA,
and soluble vascular cell adhesion molecule type 1 (sVCAM-1) in dyslipidemic men [20]. In
that study, the participants' dietary pattern was high in saturated fatty acids. Thus, some
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other factors, such as dietary background, total fat, or other sources of n-3 received during
the study, might have interfered with their results.

The current study results indicated no changes in the TAC among the participants who
received flaxseed oil. In the research performed by Mirfatahi et al. [23] on hemodialysis
patients, consumption of 6 g/day flaxseed oil had no significant effects on oxidative stress
factors, such as soluble intercellular adhesion molecule type 1, sVCAM-1, sEselectin, and
malondialdehyde. However, a significant decline was detected in high-sensitive CRP in the
flaxseed oil group [23]. In another study, Rahmani et al. [24] reported that 1,000 mg omega-3
fatty acids (400 mg a-linolenic acid plus 400 IU vitamin E) improved oxidized low-density
lipoprotein and lipoprotein gene expression among women with polycystic ovary syndrome
[24]. In that study, adding vitamin E to omega-3 fatty acids improved oxidative status. PUFAs
containing more than three double bonds can produce hydroperoxy epidioxides as the
primary oxidation products are easily oxidized in our tissues or cell membrane because of the
high degree of unsaturation [25]. Other antioxidants, such as vitamin E or C, are required to
protect PUFAs or help their activity.

In another experimental study on rats with non-alcoholic fatty liver disease, flaxseed oil and
lipoic acid increased superoxide dismutase, catalase, and glutathione peroxidase activities as
well as glutathione levels [26]. It seems that enriched flaxseed oil with an antioxidant agent
has a protective effect and increases the antioxidant defense.

It is worth mentioning that 2 or more antioxidant factors were evaluated in the above-
mentioned studies. On the other hand, one of the strong points of the current study was the
measurement of TAC, which indicates power and change in all antioxidant systems in the body.

The present study results revealed no significant differences between the two groups
regarding PT or PTT at the end of the study. Evidence has shown that n-3 fatty acid improved
endothelial function and platelet aggregation markers in patients with coronary heart
disease as well as in healthy cigarette smokers [27]. It seems that inflammatory status affects
endothelial dysfunction in patients with MetS, and eventually increases the coagulation
factors. However, details and mechanisms of the antithrombotic effects of ALA are unclear.
Therefore, further studies on the issue are warranted. ALA can inhibit thrombosis formation,
tissue expression, and platelet activation. Although the coagulation mechanism is well
known in some diseases, it is unknown in MetS. For example, obesity is a moderate risk
factor for venous thromboembolic events, but limited evidence is available for MetS [28,29].
Since MetS and CVD are closely related, in addition to the traditional MetS identification
factors, efforts to identify the common causes of MetS and CVD are worthwhile. Many factors
contribute to blood coagulation or thrombosis, some of which are affected by inflammatory
factors or vascular atherosclerosis. Thus, comprehensive studies are needed to measure all
relevant factors.

Although the positive effects of flaxseed on health have been reported, a particular concern
about flaxseed in some populations including pregnant women and men in their reproductive
ages should be considered. Especially in chronic use, this possible adverse effect due to
hormonal action of the lignans must not be neglected [30].

This study has some limitations that should be addressed. The main limitation of the present
study is the lack of an appropriate placebo for the flaxseed oil. In addition, other known
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inflammatory and oxidative stress markers were not measured. Finally, relatively short
intervention period and small sample size are considered as other limitations of the study.

CONCLUSIONS

Dietary intake of flaxseed oil as the main source of dietary fat could improve the
inflammatory status among MetS patients. However, no significant changes were observed in
serum levels of TAC and coagulation score. With regard to the baseline level of inflammation
in MetS that leads to CVD and T2DM and the importance of dietary fat in these patients,
flaxseed oil might be helpful. However, further studies are needed to confirm the veracity of
our results.

ACKNOWLEDGEMENTS

The present article was a part of the M.Sc. thesis written by Atefeh Akrami at Shiraz
University of Medical Sciences (code: 93-01-87-8898). The authors would like to thank all the
personnel of Shiraz Healthy Heart Institute for their cooperation. They are also grateful for
Ms. A. Keivanshekouh at the Research Improvement Center of Shiraz University of Medical
Sciences for improving the use of English in the manuscript.

REFERENCES

1. Ahluwalia N, Andreeva VA, Kesse-Guyot E, Hercberg S. Dietary patterns, inflammation and the metabolic
syndrome. Diabetes Metab 2013;39:99-110.
PUBMED | CROSSREF

2. Fuentes E, Fuentes F, Vilahur G, Badimon L, Palomo I. Mechanisms of chronic state of inflammation as
mediators that link obese adipose tissue and metabolic syndrome. Mediators Inflamm 2013;2013:136584.
PUBMED | CROSSREF

3. Seppinen-Laakso T, Laakso I, Lehtimaki T, Rontu R, Moilanen E, Solakivi T, Seppo L, Vanhanen H,
Kiviranta K, Hiltunen R. Elevated plasma fibrinogen caused by inadequate a-linolenic acid intake can
be reduced by replacing fat with canola-type rapeseed oil. Prostaglandins Leukot Essent Fatty Acids
2010;83:45-54.
PUBMED | CROSSREF

4. Alberti KG, Zimmet P, Shaw J; IDF Epidemiology Task Force Consensus Group. The metabolic syndrome-
-a new worldwide definition. Lancet 2005;366:1059-62.
PUBMED | CROSSREF

5. DPladevall M, Singal B, Williams LK, Brotons C, Guyer H, Sadurni J, Falces C, Serrano-Rios M, Gabriel R,
Shaw JE, Zimmet PZ, Haffner S. A single factor underlies the metabolic syndrome: a confirmatory factor
analysis. Diabetes Care 2006;29:113-22.
PUBMED | CROSSREF

6. Peila-Orihuela P, Camargo A, Rangel-Zuiiiga OA, Perez-Martinez P, Cruz-Teno C, Delgado-Lista J, Yubero-
Serrano EM, Paniagua JA, Tinahones FJ, Malagon MM, Roche HM, Perez-Jimenez F, Lopez-Miranda J.
Antioxidant system response is modified by dietary fat in adipose tissue of metabolic syndrome patients. J
Nutr Biochem 2013;24:1717-23.
PUBMED | CROSSREF

7. Vavrova L, Kodydkova J, Zeman M, Dusejovska M, Macasek J, Statikova B, Tvrzicka E, Zak A. Altered
activities of antioxidant enzymes in patients with metabolic syndrome. Obes Facts 2013;6:39-47.
PUBMED | CROSSREF

8. Cameron AJ, Shaw JE, Zimmet PZ. The metabolic syndrome: prevalence in worldwide populations.
Endocrinol Metab Clin North Am 2004;33:351-75.
PUBMED | CROSSREF

https://e-cnr.org https://doi.org/10.7762/cnr.2020.9.1.63 70


http://www.ncbi.nlm.nih.gov/pubmed/23062863
https://doi.org/10.1016/j.diabet.2012.08.007
http://www.ncbi.nlm.nih.gov/pubmed/23843680
https://doi.org/10.1155/2013/136584
http://www.ncbi.nlm.nih.gov/pubmed/20206485
https://doi.org/10.1016/j.plefa.2010.02.001
http://www.ncbi.nlm.nih.gov/pubmed/16182882
https://doi.org/10.1016/S0140-6736(05)67402-8
http://www.ncbi.nlm.nih.gov/pubmed/16373906
https://doi.org/10.2337/diacare.29.01.06.dc05-0862
http://www.ncbi.nlm.nih.gov/pubmed/23647888
https://doi.org/10.1016/j.jnutbio.2013.02.012
http://www.ncbi.nlm.nih.gov/pubmed/23429207
https://doi.org/10.1159/000348569
http://www.ncbi.nlm.nih.gov/pubmed/15158523
https://doi.org/10.1016/j.ecl.2004.03.005
https://e-cnr.org

%

CI1I

Effects of Flaxseed Oil and Sunflower Oil in Metabolic Syndrome Patients CLINICAL NUTRITION RESEARCH

https://e-cnr.org

Enns JE, Hanke D, Park A, Zahradka P, Taylor CG. Diets high in monounsaturated and polyunsaturated
fatty acids decrease fatty acid synthase protein levels in adipose tissue but do not alter other markers of
adipose function and inflammation in diet-induced obese rats. Prostaglandins Leukot Essent Fatty Acids
2014;90:77-84.

PUBMED | CROSSREF

10. Nagao K, Yanagita T. Medium-chain fatty acids: functional lipids for the prevention and treatment of the
metabolic syndrome. Pharmacol Res 2010;61:208-12.
PUBMED | CROSSREF

11.  Anwar F, Przybylski R. Effect of solvents extraction on total phenolics and antioxidant activity of extracts
from flaxseed (Linum usitatissimum L.). Acta Sci Pol Technol Aliment 2012;11:293-301.
PUBMED

12. Goyal A, SharmaV, Upadhyay N, Gill S, Sihag M. Flax and flaxseed oil: an ancient medicine & modern
functional food. ] Food Sci Technol 2014;51:1633-53.
PUBMED | CROSSREF

13. Kajla P, Sharma A, Sood DR. Flaxseed-a potential functional food source. ] Food Sci Technol 2015;52:1857-71.
PUBMED | CROSSREF

14. Ren GY, Chen CY, Chen GC, Chen WG, Pan A, Pan CW, Zhang YH, Qin LQ, Chen LH. Effect of flaxseed
intervention on inflammatory marker c-reactive protein: a systematic review and meta-analysis of
randomized controlled trials. Nutrients 2016;8:136.
PUBMED | CROSSREF

15. Bloedon LT, Balikai S, Chittams J, Cunnane SC, Berlin JA, Rader DJ, Szapary PO. Flaxseed and
cardiovascular risk factors: results from a double blind, randomized, controlled clinical trial. ] Am Coll
Nutr 2008;27:65-74.
PUBMED | CROSSREF

16. Rallidis LS, Paschos G, Liakos GK, Velissaridou AH, Anastasiadis G, Zampelas A. Dietary o-linolenic
acid decreases C-reactive protein, serum amyloid A and interleukin-6 in dyslipidaemic patients.
Atherosclerosis 2003;167:237-42.
PUBMED | CROSSREF

17. SuH, Liu R, Chang M, Huang]J, Jin Q, Wang X. Effect of dietary alpha-linolenic acid on blood
inflammatory markers: a systematic review and meta-analysis of randomized controlled trials. Eur J Nutr
2018;57:877-91.
PUBMED | CROSSREF

18. Nelson TL, Stevens JR, Hickey MS. Inflammatory markers are not altered by an eight week dietary
a-linolenic acid intervention in healthy abdominally obese adult males and females. Cytokine
2007;38:101-6.
PUBMED | CROSSREF

19. Dewell A, Marvasti FF, Harris WS, Tsao P, Gardner CD. Low- and high-dose plant and marine (n-3)
fatty acids do not affect plasma inflammatory markers in adults with metabolic syndrome. J Nutr
2011;141:2166-71.
PUBMED | CROSSREF

20. Paschos GK, Rallidis LS, Liakos GK, Panagiotakos D, Anastasiadis G, Votteas V, Zampelas A. Background
diet influences the anti-inflammatory effect of a-linolenic acid in dyslipidaemic subjects. BrJ Nutr
2004;92:649-55.
PUBMED | CROSSREF

21. Ferrucci L, Cherubini A, Bandinelli S, Bartali B, Corsi A, Lauretani F, Martin A, Andres-Lacueva C, Senin
U, Guralnik JM. Relationship of plasma polyunsaturated fatty acids to circulating inflammatory markers. J
Clin Endocrinol Metab 2006;91:439-46.
PUBMED | CROSSREF

22. Pischon T, Hankinson SE, Hotamisligil GS, Rifai N, Willett WC, Rimm EB. Habitual dietary intake of
n-3 and n-6 fatty acids in relation to inflammatory markers among US men and women. Circulation
2003;108:155-60.
PUBMED | CROSSREF

23. Mirfatahi M, Tabibi H, Nasrollahi A, Hedayati M, Taghizadeh M. Effect of flaxseed oil on serum systemic
and vascular inflammation markers and oxidative stress in hemodialysis patients: a randomized
controlled trial. Int Urol Nephrol 2016;48:1335-41.
PUBMED | CROSSREF

24. Rahmani E, Samimi M, Ebrahimi FA, Foroozanfard F, Ahmadi S, Rahimi M, Jamilian M, Aghadavod E,
Bahmani F, Taghizadeh M, Memarzadeh MR, Asemi Z. The effects of omega-3 fatty acids and vitamin E co-
supplementation on gene expression of lipoprotein(a) and oxidized low-density lipoprotein, lipid profiles and
biomarkers of oxidative stress in patients with polycystic ovary syndrome. Mol Cell Endocrinol 2017;439:247-55.
PUBMED | CROSSREF

https://doi.org/10.7762/cnr.2020.9.1.63 71


http://www.ncbi.nlm.nih.gov/pubmed/24411719
https://doi.org/10.1016/j.plefa.2013.12.002
http://www.ncbi.nlm.nih.gov/pubmed/19931617
https://doi.org/10.1016/j.phrs.2009.11.007
http://www.ncbi.nlm.nih.gov/pubmed/22744950
http://www.ncbi.nlm.nih.gov/pubmed/25190822
https://doi.org/10.1007/s13197-013-1247-9
http://www.ncbi.nlm.nih.gov/pubmed/25829567
https://doi.org/10.1007/s13197-014-1293-y
http://www.ncbi.nlm.nih.gov/pubmed/26959052
https://doi.org/10.3390/nu8030136
http://www.ncbi.nlm.nih.gov/pubmed/18460483
https://doi.org/10.1080/07315724.2008.10719676
http://www.ncbi.nlm.nih.gov/pubmed/12818406
https://doi.org/10.1016/S0021-9150(02)00427-6
http://www.ncbi.nlm.nih.gov/pubmed/28275869
https://doi.org/10.1007/s00394-017-1386-2
http://www.ncbi.nlm.nih.gov/pubmed/17613244
https://doi.org/10.1016/j.cyto.2007.05.010
http://www.ncbi.nlm.nih.gov/pubmed/22031659
https://doi.org/10.3945/jn.111.142240
http://www.ncbi.nlm.nih.gov/pubmed/15522134
https://doi.org/10.1079/BJN20041230
http://www.ncbi.nlm.nih.gov/pubmed/16234304
https://doi.org/10.1210/jc.2005-1303
http://www.ncbi.nlm.nih.gov/pubmed/12821543
https://doi.org/10.1161/01.CIR.0000079224.46084.C2
http://www.ncbi.nlm.nih.gov/pubmed/27115157
https://doi.org/10.1007/s11255-016-1300-5
http://www.ncbi.nlm.nih.gov/pubmed/27619403
https://doi.org/10.1016/j.mce.2016.09.008
https://e-cnr.org

%

CI1I

Effects of Flaxseed Oil and Sunflower Oil in Metabolic Syndrome Patients CLINICAL NUTRITION RESEARCH

https://e-cnr.org

25.

Miyashita K. Paradox of omega-3 PUFA oxidation. EurJ Lipid Sci Technol 2014;116:1268-79.
CROSSREF

26. XuJ, GaoH, SongL, Yang W, Chen C, Deng Q, Huang Q, YangJ, Huang F. Flaxseed oil and alpha-lipoic
acid combination ameliorates hepatic oxidative stress and lipid accumulation in comparison to lard.
Lipids Health Dis 2013;12:58.

PUBMED | CROSSREF

27. Din]N, Archer RM, Harding SA, Sarma J, Lyall K, Flapan AD, Newby DE. Effect of -3 fatty acid
supplementation on endothelial function, endogenous fibrinolysis and platelet activation in male
cigarette smokers. Heart 2013;99:168-74.

PUBMED | CROSSREF

28. Mertens I, Verrijken A, Michiels JJ, Van der Planken M, Ruige JB, Van Gaal LF. Among inflammation and
coagulation markers, PAI- is a true component of the metabolic syndrome. Int ] Obes 2006;30:1308-14.
PUBMED | CROSSREF

29. Nieuwdorp M, Stroes ES, Meijers JC, Biiller H. Hypercoagulability in the metabolic syndrome. Curr Opin
Pharmacol 2005;5:155-9.

PUBMED | CROSSREF

30. Cardoso Carraro JC, Dantas MI, Espeschit AC, Martino HS, Ribeiro SM. Dantas MIdS, Espeschit ACR,
Martino HSD, Ribeiro SMR. Flaxseed and human health: reviewing benefits and adverse effects. Food Rev
Int 2012;28:203-30.

CROSSREF
https://doi.org/10.7762/cnr.2020.9.1.63 72


https://doi.org/10.1002/ejlt.201400114
http://www.ncbi.nlm.nih.gov/pubmed/23634883
https://doi.org/10.1186/1476-511X-12-58
http://www.ncbi.nlm.nih.gov/pubmed/23184014
https://doi.org/10.1136/heartjnl-2012-302924
http://www.ncbi.nlm.nih.gov/pubmed/16389265
https://doi.org/10.1038/sj.ijo.0803189
http://www.ncbi.nlm.nih.gov/pubmed/15780824
https://doi.org/10.1016/j.coph.2004.10.003
https://doi.org/10.1080/87559129.2011.595025
https://e-cnr.org

	A Comparative Study of the Effect of Flaxseed Oil and Sunflower Oil on the Coagulation Score, Selected Oxidative and Inflammatory Parameters in Metabolic Syndrome Patients
	INTRODUCTION
	MATERIALS AND METHODS
	Study population
	Dietary intakes and blood sampling
	Data analysis

	RESULTS
	Demographics
	Dietary intake
	Findings recorded in the 2 groups of participants before and after intervention

	DISCUSSION
	CONCLUSIONS
	REFERENCES


