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Abstract
Background: This randomized controlled trial compares the effects of walnuts, fish and the combination of the two on cardiovascular 
risk factors among overweight or obese females who were losing their weight.
Methods: Ninety-nine overweight and obese women were randomized to 3 weight-reducing diets: fish (300 g/week), walnut (18 
walnuts/per week) or fish + walnut (150 g fish and 9 walnuts /week) for 12 weeks. Anthropometric indices, systolic & diastolic 
blood pressure, fasting blood glucose, inflammatory markers, serum lipids and coagulating factors were measured.
Results: The reduction in systolic blood pressure (SBP) (-5.0 ± 0.3 mm Hg, P = 0.01), fasting blood glucose (FBG) (-12.4 ± 1.9 mg/
dL, P = 0.001), low-density lipoprotein (LDL) (-6.2 ± 1.3 mg/dL, P = 0.03), high-sensitivity C-reactive protein (CRP) (-0.51 ± 0.08 
mg/L, P < 0.001), D-dimer (-0.45 ± 0.07 mg/dL, P < 0.001), fibrinogen (-22.4± 4.5 mg/dL, P < 0.001), alanine aminotransferase 
(ALT) (-6.4 ± 0.9 mg/dL, P < 0.001), aspartate aminotransferase (AST) (-6.3 ± 0.9 IU/L, P = 0.01), tumor necrosis factor-alpha 
(TNF-α) (-0.08 ± 0.02 ng/mL, P = 0.01), interleukin 6 (IL-6) (-1.6 ± 0.1 ng/mL, P < 0.001) and increase in high-density lipoprotein 
(HDL) (3.6 ± 0.2 mg/dL, P < 0.001) were significantly higher in the group randomized to the fish + walnut diet compared with 
either the fish group or the walnut group. A significant decrease was seen in TG (-7.3 ± 1.1 mg/dL, P < 0.001) and diastolic blood 
pressure (DBP) (-2.0 ± 0.06 mm Hg, P = 0.01) levels in the fish group and the walnut group compared with the fish + walnut group. 
The change in other risk factors was not different among groups. 
Conclusion: The present study shows that the combination of marine and plant omega-3 together is more effective on blood 
pressure levels, fasting blood glucose, inflammatory markers, serum lipids and coagulating factors than the fish or walnut in 
isolation.
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Introduction
The global prevalence of obesity has tripled over the past 
3 decades. Currently, overweight and obesity causes 5.2 
million deaths per year.1,2 The accumulation of adipose 
tissue through the production of inflammatory mediators 
leads to increased risk of chronic diseases such as 
hypertension, atherosclerosis and coronary artery diseases.3

There are several factors that are related to obesity, 
including diet.2 Several studies have indicated that intake 
of omega-3 fatty acids can modulate the process of weight 
loss.4 Dietary fatty acids can affect fat mass, inflammatory 
mediators and the risk factors for cardiovascular diseases. 
These effects depend on the length of the fatty acids as 
well as the number and location of double bonds.5,6 

Several studies show that marine omega-3 long-chain 
fatty acids, especially eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA), have protective effects on 
the heart and vessels.7,8 However, the effect of omega-3 
fatty acids derived from plant sources on the heart are not 
as wide as marine sources.9 Moreover, some contradictory 
reports have been published regarding the effects of 
omega-3 fatty acids on reducing the risk factors of coronary 
artery disease (total cholesterol, low-density lipoprotein 
cholesterol [LDL-C], triglyceride [TG], hypertension 
and high-sensitivity C-reactive protein [hs-CRP]).10,11 
Most published studies have focused on supplements.12,13 
However, considering the consumption of various food 
items in diets, it is preferred to address the dietary omega-3 

Open 
Access 

http://www.aimjournal.ir


                                                                                                     Arch Iran Med, Volume 22, Issue 10, October 2019  575

Omega-3 Fatty Acids and Cardiovascular Risk Factors

intake instead of just using supplements. 
The generalizability of the current findings to clinical 

application regarding the administration of plant or 
marine omega-3 via diet needs to be examined by further 
studies. The aim of the present study is to determine the 
effects of omega-3 from marine (fish) or plant (walnut) 
sources, or both (fish and walnuts) on the risk factors of 
cardiovascular disease in overweight/obese women. 

Materials and Methods
Participants
We used the standard formula suggested for parallel clinical 
trials n = 2([Z1−α/2+ Z1−β]

2 × S2)/d2 to estimate the sample 
size by considering type 1 error (α) of 0.05 and type 2 error 
(β) of 0.20 (power = 80%).14 Based on a previous study on 
Iranian women,15 we used 3.2 kg/m2 as the SD and 2.5 
kg/m2 as the difference in mean body mass index (BMI) 
as a key variable. Therefore, we needed 26 participants in 
each group. Considering 7 dropouts in each group, the 
final sample size was determined to be 33 participants 
per group. We included individuals aged 20–50 years 
diagnosed as overweight or obese based on their BMI. 
All women were selected from Clinic Nutrition, Esfahan, 
Iran. Overweight or obese individuals were eligible to 
participate if they were female and menstruating. The 
exclusion criteria were pregnancy, lactating, history of renal 
disorders, type 1 or 2 diabetes, elevated blood pressure, 
cardiovascular diseases, allergic reactions to fish or walnut, 
receiving agents lowering blood glucose or lipids, and poor 
compliance with recommendations. Also, participants of 
poor economic status were not included in this study (due 

to the high cost of fish and walnuts). 
As part of this randomized parallel design, the individuals 

were blocked and matched for BMI, probable medications, 
and age by the study nutritionist and randomized to one 
of 3 groups based on random numbers. Then, we used a 
simple random sampling method to allocate subjects into 
3 groups (random allocation) (Figure 1).16 Before the start 
of this study, each participant completed a questionnaire 
on demographics, medical history and medication use. 

All 3 groups received a low-calorie diet in order to lose 
weight. The distribution of macronutrients was similar 
in the 3 groups  (55% carbohydrate, 33% fat, and 17% 
protein). Intake of various fatty acids (saturated, unsaturated 
with single double bond and polyunsaturated fatty acids) 
was the same but the sources of omega-3 differed between 
these groups. The first group was instructed to consume 
150 g of fatty fish (salmon or trout) twice per week (300 
g/week). The second group was instructed to consume 6 
walnuts 3 times a week (18 walnuts/week) and avoid the 
consumption of fish. The final group was instructed to 
consume 150 g of fatty fish and nine walnuts per week. 

We advised all women to avoid consumption of other 
plant sources of omega-3 (soybean oil, canola, and flaxseed) 
during the intervention. The amount of omega-3 fatty acids 
considered in this study covered the typical recommended 
intake (0.3 to 0.5 g/d of EPA+DHA and 0.8 to 1.1 g/d 
of ALA).17 Dietary intakes of all patients were controlled 
by a dietitian to evaluate whether participants followed 
the prescribed diets by 3 dietary records (1 weekend and 
2 week days) every 2 weeks and they were followed for 
12 weeks. Finally, dietary intakes were assessed using the 

Figure 1. Flow Diagram Depicting the Process of Selection and Allocation of Participants Included in Our Intervention.
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summary of these food records. Then, using household 
measures, the amount of each food item was converted 
to grams per day and food records were analyzed using 
the Nutritionist IV software for Iranian foods (version 7.0; 
N-Squared Computing, Salem, OR, USA). Due to the 
nature of the intervention, the subjects were not blinded 
to the type of dietary intake they received.

Anthropometric and Physical Assessment 
A trained dietitian measured height, body weight and 
waist circumference. Body weight was measured using 
calibrated digital scales (SEACA) with light clothing and 
no shoes and was recorded to the nearest 100 g. Height was 
estimated using tape, without shoes and with shoulders in 
normal position. Waist circumference was measured at the 
narrowest level between the lowest rib and iliac crest over 
light clothing to the nearest 0.5 cm. BMI was calculated as 
body weight in kg divided by height in m2.

We asked participants to record the duration of all 
physical activities within 72 hours at weeks 3, 6, 9 and 
12 of the intervention. The recorded physical activities 
were multiplied by the relevant metabolic equivalents 
task hours per day (MET-h/d). The MET-h/d values of 
all activities were calculated to obtain the value of physical 
activity in a day. 

Biochemical Assessment 
Systolic and diastolic blood pressures (SBP and DBP) 
were measured twice after 15 minutes of resting in a seated 
position using a standard mercury sphygmomanometer. 
The mean of the 2 measured SBP and DBP was reported. 
We took one fasting blood sample from subjects and 
after coagulation, blood samples were centrifuged at 
3000 × g for 10 minutes to separate the serum. Fasting 
blood glucose (FBS) was measured on the day of blood 
sampling and quantified by the colorimetric method using 
the glucose oxidize technique. Hs-CRP was measured 
by the immunoturbidimetry method with a polyclonal 
antibody (Pars Azmoon Inc.). Serum concentrations of 
high-density lipoprotein cholesterol (HDL-C), LDL-C 
and TG were quantified using commercially available 
enzymatic reagents (Pars Azmoon, Tehran, Iran) adapted 
to an autoanalyzer system (Selectra E, Vitalab, Holliston, 
and the Netherlands). We quantified serum leptin, tumor 
necrosis factor-alpha (TNF-α), and interleukin 6 (IL-6) 
levels by ELISA using commercially available kits (Bender 
MedSystems and Biosource International, Vienna, 
Austria). Fibrinogen concentrations were measured using 
the Clauss method with commercially available reagents 
(Mahsa-yaran, Tehran, Iran). D-dimer was assayed 
using an enzyme-linked immunosorbent assay method 
with commercially available reagents (Hyphen biomed; 
Germany). Also, we measured serum concentrations 
of aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) with commercially available 

enzymatic reagents (Pars Azmoon, Iran) on a BT-3000 
autoanalyzer (Biotechinica; China).

Fasting blood glucose, inflammatory markers (hs-
CRP, TNF-α, IL-6), serum lipids (HDL, LDL, TG), 
coagulation factors (fibrinogen, D-Dimer), oxidant 
markers (malondialdehyde [MDA], ALT, AST) and 
leptin were measured at baseline and the end of the study. 
Anthropometric indices, blood pressure levels, and food 
records were assessed at the onset of the study and at 
2-week intervals until the end of this trial.

Statistical Analysis
All data were assessed for normality using the “one-sample 
Kolmogorov-Smirnov” test. Qualitative variables were 
recorded in frequency and percentage and quantitative 
variables in mean ± SD (standard deviation) except for hs-
CRP, D-dimer, leptin, fibrinogen, TNF-α, IL-6, in which 
geometric measurements were presented. To compare 
categorical variables, we used either the chi-square or 
Fisher’s exact test. ANOVA was used to compare variables 
among the 3 groups in the crude model. ANCOVA was 
used to compare the endpoint values in the adjusted 
model. In this analysis, end values were adjusted for 
weight change, energy intake and baseline values of 
variables. SPSS (SPSS Inc, Chicago, IL, USA, version 16) 
was used for all statistical analyses. P < 0.05 was considered 
statistically significant.

Results
Data from 99 participants (33 subjects in each group) 
were included in the analysis. Socio-demographic 
characteristics at baseline in each group are shown in Table 
1. The mean ages of participant in the fish, walnut and fish 
+ walnut groups were 52.9 ± 1.5, 54.01 ± 1.6 and 54.51 ± 
1.6 years, respectively. We found no statistically significant 
difference in BMI (P = 0.16), physical activity (P = 0.19) 
or socioeconomic status (P = 0.23) between the 3 groups 
at baseline.

Table 2 demonstrates nutrients intake obtained from 
dietary records in overweight and obese women. The 
comparison between nutrients intake per day during the 
study showed that each participant consumed 42.5 ± 5.6 
grams of fish per day in the fish group and 10.2 ± 1.1 grams 
of walnuts per day in the walnut group. Participants in the 
fish + walnut group consumed 21.6 ± 4.9 gram of fish and 
5.14 ± 0.7 gram of walnut per day. The results indicated 
that the subjects’ energy intake was not significantly 
different between the 3 groups. Participants in the fish + 
walnut diet group had marginally higher intakes of dietary 
monounsaturated fatty acid and statistically significantly 
higher intakes of polyunsaturated fatty acids (P = 0.01) 
compared with the fish or walnut groups. The differences 
for other nutrients were not significant between the 3 
groups. 

Table 3 displays the mean values of cardiovascular risk 
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Table 1. Subjects’ Demographic Information

Variables All patient (n = 99) Fisha (n = 33) Walnutb (n = 33) Fish+Walnut c (n = 33) P d

Age (y) 53.5 ± 1.6e 52.9 ± 1.5 54.01 ± 1.6 54.51 ± 1.6 0.10

BMI (kg/m2) 33.29 ± 5.63 32.98 ± 5.73 33.31 ± 5.81 33.59 0.16

Physical activity (MET.h/wk) 1.46 ± 0.31 1.40 ± 0.30 1.51 ± 0.36 1.45 ± 0.35 0.19

SES: upper (%) 90f 89 91 89 0.23

SES: poor or middle (%) 10 11 9 11

BMI, body mass index; MET, metabolic equivalents; SES, socioeconomic status. 
a Subjects were instructed to consume 300 g of fatty fish, such as salmon, per week in 2 separate meals (each meal 150 g fatty fish) + to avoid 
consumption of plant sources of omega-3 (soybean oil, canola, flaxseed and walnuts).
b Subjects were asked to consume 18 walnuts per week and avoid consumption of fish and other plant sources of omega-3 (soybean oil, canola, and 
flaxseed).
c Subjects were recommended to consume 150 g of fatty fish and 9 walnuts per week + to avoid consumption of other plant sources of omega-3 
(soybean oil, canola, and flaxseed).
d Calculated by ANOVA and chi-square tests for quantitative and qualitative variables, respectively.
e Mean ± SD.
fPercent.

Table 2. Dietary Intakes of the Participant in Each Group (Fish, Walnut, Fish+Walnut)

Daily Dietary Intakes Fisha (n = 33) Walnutb (n = 33) Fish+Walnutc (n = 33) Pd

Fish (g) 42.5 ± 5.6e 21.6 ± 4.9 0.001

Walnut (g) 10.2 ± 1.1 5.14 ± 0.7 0.001

Nutrient

Energy (kcal) 2051 ± 83 2073 ± 84 2043 ± 82 0.53

Protein (% of energy) 17.16 ± 2.2f 17.63 ± 2.1 17.87 ± 2.1 0.44

Total fat (% of energy) 33.21 ± 3.6 32.95 ±  3.7 33.90 ±  3.8 0.50

Saturated fat (g) 10.6 ± 2.6 11.3 ± 3.6 10.9 ± 3.7 0.21

Polyunsaturated fat (g) 33.1 ± 6.6 39.3 ± 7.6 44.5 ± 6.9 0.01

Monounsaturated fat (g) 19.3 ± 3.9 23.6 ±  4.1 24.1 ± 4.2 0.09

Omega-3 (mg) 0.96 ± 0.01 0.92 ± 0.05 1.1 ± 0.09 0.19

Cholesterol (mg) 170.5 ± 12.1 183.1 ± 13.6 180.6 ±  14.0 0.33

Carbohydrate (% of energy) 50.70 ± 6.1 49.70 ± 5.5 51.05 ± 5.6 0.43

Fiber (g) 15.6 ± 2.7 15.3 ± 2.5 15.4 ± 2.6 0.50

Vitamin C (mg) 103.1± 11.2 107.6 ± 15.6 100.1 ± 11.3 0.16

Calcium (mg) 959 ± 37 930 ± 30 957 ± 30 0.29

Potassium (mg) 2562 ± 380 2636 ± 390 2676 ± 398 0.24

Food groups (g/d)

Fruit 379 ± 11 369 ± 19 383 ± 21 0.31

Vegetable 139 ± 14 42 ± 16 149 ± 18 0.28

Total grains 390 ± 41 383 ±  50 380 ± 47 0.30

Whole grains 19 ± 3 18 ± 2 21 ±  3 0.17

Dairy 496 ± 33 481 ± 40 486 ±  37 0.23

Red met 30 ± 14 33 ± 16 31 ± 17 0.36

Poultry and fish 56 ± 17 30 ± 4 55 ± 10 0.05

a Subjects were instructed to consume 300 g of fatty fish, such as salmon, per week in 2 separate meals (each meal 150 g fatty fish) + to avoid 
consumption of plant sources of omega-3 (soybean oil, canola, flaxseed and walnuts).
b Subjects were asked to consume 18 walnuts per week and avoid the consumption of fish and other plant sources of omega-3 (soybean oil, canola, 
and flaxseed).
c Subjects were recommended to consume 150 g of fatty fish per week and 9 walnuts+ to avoid consumption of other plant sources of omega-3 (soybean 
oil, canola, and flaxseed).
d Comparison of change in dietary intake between the 3 groups by ANCOVA.
e Mean ± SD
f Values have been adjusted for total calorie except for energy.

factors at baseline and after intervention. Baseline values for 
hs-CRP and D-dimer were significantly different among 
the groups (P = 0.03 and P < 0.001, respectively). Also, 
end values for the mentioned factors were significantly 

different (P < 0.001). This significant difference persisted 
even after adjusting for weight change, energy intake 
and baseline values. End values of FBS were marginally 
significantly different among the 3 groups (P = 0.05). 
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Table 4 presented the mean changes of cardiovascular 
risk factors after consumption of the 3 diets following the 
12-week intervention. After consumption of diets with 
fish, walnut and fish + walnut, The reduction in SBP (-5.0 
± 0.3 mm Hg, P = 0.01), fasting blood glucose (FBG) 
(-12.4 ± 1.9 mg/dL, P = 0.001), LDL (-6.2 ± 1.3 mg/
dL, P = 0.03), high-sensitive C-reactive protein (-0.51 ± 
0.08 mg/L, P < 0.001), D-dimer (-0.45 ± 0.07 mg/dL, P 
< 0.001), fibrinogen (-22.4 ± 4.5 mg/dL, P < 0.001), ALT 
(-6.4 ± 0.9 mg/dL, P < 0.001), AST (-6.3 ± 0.9 IU/L, P = 
0.01), TNF-α (-0.08 ± 0.02 ng/mL, P = 0.01), and IL-6 
(-1.6 ± 0.1 ng/mL, P < 0.001) and the increase in HDL 
(3.6 ± 0.2 mg/dL, P < 0.001) were statistically higher in 
the group randomized to the fish + walnut diet compared 
with the fish group or the walnut group. A significant 
decrease was seen in TG (-7.3 ± 1.1 mg/dL, P < 0.001) 
and DBP (-2.0 ± 0.06 mmHg, P = 0.01) levels in the fish 
group and the walnut group compared with the fish + 
walnut group. The changes in other risk factors, including 
MDA and leptin, were not different between the 3 diets. A 
marginally significant difference was seen regarding weight 
and waist circumference.

Table 3. Features of the Cardiovascular Risk Factors at Baseline and after 12 
Weeks of Intervention in Overweight and Obese Women

Cardiovascular 
Risk Factors

Fisha 
(n = 33)

Walnutb 
(n = 33)

Fish+Walnutc 
(n = 33)

Pd

Weight (kg)

Baseline 83.9 ± 5.1e 85.6 ± 4.3 84.7 ± 5.1 0.09

End of trial 77.8 ± 4.7 79.1 ± 4.5 77.5 ± 4.3 0.16

Waist (cm)

Baseline 109.0 ± 6.8 108.0 ± 6.3 110.3 ± 6.9 0.12

End of trial 105.1 ± 6.2 105.1 ± 6.0 106.9 ± 6.1 0.14

SBP (mm Hg)

Baseline 136 ± 10 134 ± 11 135 ± 10 0.21

End of trial 130 ± 9 130 ± 10 130 ± 9 0.56

Adjustedf 131 ± 9 131 ± 10 130 ± 10 0.49

DBP (mm Hg)

Baseline 83.3 ± 9.1 84.6 ± 9.0 83.5 ± 8.7 0.36

End of trial 80.0 ± 8.7 81.9 ± 8.0 80.1 ± 8.0 0.31

Adjusted 81.3 ± 8.1 82.4 ± 8.0 81.6 ± 7.9 0.33

FBS (mg/dL)

Baseline 117.0 ± 9.3 118.1 ± 9.0 119.6 ± 10.6 0.14

End of trial 100.6 ± 8.1 115.3 ± 8.0 100.3 ± 8.1 0.06

Adjusted 104.9 ± 8.5 115.9 ± 8.7 107.2 ± 8.5 0.05

TG (mg/dL)

Baseline 149.3 ± 8.9 150.0 ± 10.1 153.6 ± 11.2 0.08

End of trial 140.5 ± 7.1 144.9 ± 11.01 144.3 ± 11.3 0.09

Adjusted 142.0 ± 8.5 146.6 ± 11.3 146.9 ± 11.0 0.09

LDL (mg/dL)

Baseline 119.1 ± 20.6 125.5 ± 16.0 126.0 ± 11.0 0.08

End of trial 110.3 ± 19.0 120.6 ± 17.0 117.1 ± 10.0 0.07

Adjusted 113.0 ± 16.0 121.3 ± 17.0 119.8 ± 10.5 0.07

HDL (mg/dL)

Baseline 39.5 ± 6.2 40.2 ± 6.0 40.5 ± 6.5 0.16

End of trial 40.0 ± 6.0 43.3 ± 6.1 44.0 ± 6.3 0.10

Adjusted 40.0 ± 6.7 43.7 ± 6.2 44.1 ± 6.2 0.06

hs-CRP (mg/L)

Baseline 2.56 ± 0.06 2.71 ± 0.09 2.65 ± 0.08 0.03

End of trial 2.03 ± 0.05 1.53 ± 0.08 2.10 ± 0.07 0.001

Adjusted 2.06 ± 0.05 2.56 ± 0.08 2.14 ± 0.06 0.001

D-dimer (mg/dL)

Baseline 1.86 ± 0.06 1.79 ± 0.09 1.81 ± 0.07 0.001

End of trial 1.43 ± 0.03 1.60 ± 0.06 1.30 ± 0.03 0.001

Adjusted 1.49 ± 0.04 1.68 ± 0.06 1.36 ± 0.02 0.001

Leptin (ng/mL)

Baseline 56 ± 7.3 63.3 ± 7.9 60.7 ± 8.3 0.09

End of trial 53.4 ± 6.6 60.9 ± 6.5 58.1 ± 7.3 0.08

Adjusted 55.6 ± 6.3 60.4 ± 6.7 58.9 ± 7.5 0.09

Fibrinogen (mg/dL)

Baseline 260.1 ± 16.1 269.3 ± 17.6 279.1 ± 19.5 0.09

End of trial 240.5 ± 11.3 245.6 ± 19.3 251.3 ± 15.3 0.13

Adjusted 247.1 ± 12.6 259.0 ± 19.6 256.7 ± 11.5 0.16

MDA (U/mL)

Baseline 23.6 ± 6.7 25.6 ± 7.7 24.1 ± 6.0 0.26

End of trial 21.0 ± 5.9 23.1 ± 6.0 21.0 ± 5.3 0.29

Adjusted 22.0 ± 6.1 24.0 ± 6.1 22.3 ± 5.9 0.35

ALT (Iu/L)

Baseline 45.1 ± 6.7 40.6 ± 6.0 43.3 ± 5.8 0.13

End of trial 37.6 ± 4.9 33.9 ± 5.3 34.0 ± 5.0 0.27

Adjusted 38.9 ± 4.8 35.6 ± 5.0 36.9 ± 5.1 0.34

AST (Iu/L)

Baseline 37.0 ± 6.9 38.1 ± 6.0 35.3 ± 5.6 0.31

End of trial 30.3 ± 5.5 30.3 ± 5.6 27.6 ± 5.0 0.23

Adjusted 31.9 ± 4.9 32.9 ± 6.0 29.0 ± 4.6 0.21

TNF-α (ng/mL)

Baseline 0.83 ± 0.23 0.84 ± 0.21 0.85 ± 0.23 0.21

End of trial 0.76 ± 0.16 0.79 ± 0.17 0.75 ± 0.19 0.26

Adjusted 0.78 ± 0.18 0.81 ± 0.20 0.77 ± 0.15 0.09

IL-6 (ng/mL)

Baseline 6.6 ± 1.2 6.3 ± 1.1 6.7 ± 1.3 0.16

End of trial 5.0 ± 1.1 5.6 ± 1.0 5.0 ± 1.0 0.17

Adjusted 5.2 ± 1.2 5.8 ± 1.0 5.1 ± 1.0 0.19

SBP, Systolic blood pressure; DBP, Diastolic blood pressure; FBS, Fasting 
blood sugar; TG, Triglyceride; LDL, Low density lipoprotein; HDL, High 
density lipoprotein; hs-CRP, high sensitivity C reactive protein; MDA, 
Malondialdehyde; ALT, Alanine transaminase; AST, Aspartate transaminase; 
TNF-α, tumor necrosis factor alpha; IL-6, Interleukin 6.
a Subjects were instructed to consume 300 grams of fatty fish, such as 
salmon, per week in 2 separate meals (each meal 150 g fatty fish) + to avoid 
consumption of plant sources of omega-3 (soybean oil, canola, flaxseed and 
walnuts).
b Subjects were asked to consume 18 walnuts per week and avoid the 
consumption of fish and other plant sources of omega-3 (soybean oil, canola, 
and flaxseed).
c Subjects were recommended to consume 150g of fatty fish per week and 9 
walnuts + to avoid consumption of other plant sources of omega-3 (soybean 
oil, canola, and flaxseed).
d P values have been calculated by ANOVA and present comparisons of 
baseline and final values between the 3 groups.
e Mean ± SD for all variables except for hs-CRP, D-dimer, Leptin, Fibrinogen, 
TNF-α, IL-6, in which geometric measurements were presented.
f Adjusted for weight change, energy intake and baseline values.

Cardiovascular 
Risk Factors

Fisha 
(n = 33)

Walnutb 
(n = 33)

Fish+Walnutc 
(n = 33)

Pd

Table 3. Continued
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Discussion
The results of this clinical trial, which was conducted 
on overweight and obese women, showed a reduction in 
SBP, DBP, TG, LDL, FBS, hs-CRP, D-dimer, fibrinogen, 
ALT, AST, TNF-α, and IL-6, and an increase in HDL 
following a 12-week diet containing different sources of 
omega-3 fatty acids. We found that diets including plants 
or marine sources of omega-3 fatty acids provided slightly 
different results in weight and waist circumference among 

overweight or obese women. In addition, no statistical 
difference was found regarding MDA or leptin among 
the 3 groups. Most of the previous studies investigating 
the effects of omega-3 on cardiovascular risk factors focus 
on marine omega-3 fatty acids.18,19 Few studies investigate 
the effect of plant-sourced omega-3 (especially walnut) 
diets on the cardiovascular risk factors in overweight or 
obese subjects. There is compelling evidence that a diet 
including nuts is an important adjunct in managing 

Table 4. Mean Changes in Cardiovascular Risk Factors among the Participants in 3 Different Groups (Fish, Walnut, Fish+Walnut)

Cardiovascular Risk Factors Fisha (n = 33) Walnutb (n = 33) Fish+Walnutc (n = 33) P d Pe Pf Pg

Weight (kg) -6.1 ± 0.8h -6.5 ± 0.9 -7.2 ± 0.9 0.07 0.10 0.03 0.11

Waist (cm) -3.9 ± 0.5 -2.9 ± 0.5 -3.4 ± 0.5 0.09 0.11 0.01 0.01

SBP (mm Hg) -6.0 ± 0.3 -4.0 ± 0.2 -5.0 ± 0.3 0.01 0.01 0.01 0.01

Adjustedi -5.0 ± 0.2 -3.0 ± 0.2 -5.0 ± 0.3 0.01 0.001 0.36 0.004

DBP (mm Hg) -3.3 ± 0.1 -2.7 ± 0.03 -3.4 ± 0.06 0.01 0.001 0.14 0.001

Adjusted -2.0 ± 0.06 -2.2 ± 0.04 -1.9 ± 0.05 0.03 0.01 0.16 0.01

FBS (mg/dL) -16.4 ± 1.8 -3.1 ± 1.0 -19.3 ± 2.3 0.0001 0.0001 0.09 0.0001

Adjusted -12.1 ± 1.5 -2.2 ± 0.03 -12.4 ± 1.9 0.0001 0.0001 0.26 0.0001

TG (mg/dL) -8.8 ± 1.0 -5.1 ± 1.7 -9.3 ± 2.0 0.0001 0.001 0.21 0.001

Adjusted -7.3 ± 1.1 -3.4 ± 1.5 -6.7 ± 1.9 0.0001 0.001 0.25 0.001

LDL (mg/dL) -8.8 ± 1.8 -4.9 ± 1.1 -9.3 ± 2.0 0.01 0.01 0.31 0.007

Adjusted -6.1 ± 1.5 -4.2 ± 1.0 -6.2 ± 1.3 0.03 0.01 0.39 0.009

HDL (mg/dL) 0.50 ± 0.09 3.1 ± 0.1 3.5 ± 0.09 0.0001 0.001 0.0001 0.01

Adjusted 0.50 ± 0.09 3.5 ± 0.2 3.6 ± 0.2 0.0001 0.001 0.0001 0.24

hs-CRP (mg/L) -0.53 ± 0.07 -0.18 ± 0.05 -0.55 ± 0.06 0.0001 0.0001 0.33 0.0001

Adjusted -0.50 ± 0.06 -0.15 ± 0.07 -0.51 ± 0.08 0.0001 0.0001 0.37 0.0001

D-dimer (mg/dL) -0.43 ± 0.05 -0.19 ± 0.03 -0.51 ± 0.1 0.0001 0.0001 0.29 0.0001

Adjusted -0.37 ± 0.08 -0.11 ± 0.04 -0.45 ± 0.07 0.0001 0.0001 0.27 0.0001

Leptin (ng/mL) -3.2 ± 1.03 -3.1 ± 1.10 -2.6 ± 1.2 0.13 0.20 0.09 0.12

Adjusted -1.0 ± 1.02 -2.9 ± 1.07 -1.8 ± 1.1 0.12 0.19 0.07 0.09

Fibrinogen (mg/dL) -19.6 ± 3.7 -14.7 ± 2.8 -27.8 ± 4.9 0.0001 0.08 0.0001 0.005

Adjusted -13.0 ± 3.3 -10.3 ± 2.6 -22.4 ± 4.5 0.0001 0.09 0.0001 0.006

MDA (U/mL) -2.6 ± 1.3 -2.5 ± 0.9 -3.1 ± 1.6 0.15 0.24 0.10 0.09

Adjusted -1.6 ± 0.7 -1.6 ± 0.7 -1.8 ± 0.9 0.2 0.33 0.11 0.08

ALT (Iu/L) -7.5 ± 0.9 -6.7 ± 0.8 -9.3 ± 0.9 0.0001 0.09 0.001 0.005

Adjusted -6.2 ± 0.5 -5.0 ± 0.3 -6.4 ± 0.9 0.0001 0.03 0.09 0.008

AST (Iu/L) -6.7 ± 1.5 -7.8 ± 1.0 -8.7 ± 1.1 0.01 0.23 0.001 0.06

Adjusted -5.1 ± 0.9 -5.2 ± 0.9 -6.3 ± 0.9 0.01 0.33 0.009 0.008

TNF-α (ng/mL) -0.07 ± 0.01 -0.05 ± 0.01 -0.1 ± 0.02 0.01 0.04 0.001 0.03

Adjusted -0.05 ± 0.01 -0.03 ± 0.01 -0.08 ± 0.02 0.01 0.02 0.001 0.001

IL-6 (ng/mL) -1.6 ± 0.2 -0.7 ± 0.1 -1.7 ± 0.1 0.0001 0.0001 0.19 0.0001

Adjusted -1.4 ± 0.2 -0.5 ± 0.03 -1.6 ± 0.1 0.0001 0.0001 0.17 0.0001

SBP, Systolic blood pressure; DBP, Diastolic blood pressure; FBS, Fasting blood sugar; TG, Triglyceride; LDL, Low density lipoprotein; HDL, High density 
lipoprotein; hs-CRP, high sensitivity C-reactive protein; MDA, Malondialdehyde; ALT, Alanine transaminase; AST, Aspartate transaminase; TNF-α, tumor necrosis 
factor alpha; IL-6, Interleukin 6
a Subjects were instructed to consume 300 g of fatty fish per week in 2 separate meals (each meal 150 g fatty fish) + to avoid consumption of plant sources of 
omega-3 (soybean oil, canola, flaxseed and walnuts).
b Subjects were asked to consume 18 walnuts per week and avoid the consumption of fish and other plant sources of omega-3 (soybean oil, canola, and flaxseed).
c Subjects were recommended to consume 150 g of fatty fish per week and 9 walnuts + to avoid consumption of other plant sources of omega-3 (soybean oil, 
canola, flaxseed).
d Calculated by ANOVA in crude model and analysis of covariance in adjusted model.
e Calculated by Bonferroni test between fish group and walnut group.
f Calculated by Bonferroni test between fish group and fish and walnut group. 
g Calculated by Bonferroni test between walnut group and fish and walnut group. 
h Mean ± SD for all variables except for hs-CRP, D-dimer, Leptin, Fibrinogen, TNF-α, IL-6, in which geometric measurements were presented.
i Adjusted for weight change, energy intake and baseline values.
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cardiovascular risks.20

Consumption of diets containing 2 sources of omega-3 
fatty acids enhanced weight loss and provided benefits 
on some of the cardiovascular risk factors in the present 
study. The results of our study are in line with studies 
showing beneficial effects of omega-3 fatty acids on 
weight reduction. Previous studies have shown that a 
daily fish meal, as part of a weight-reducing regimen, is 
effective on weight loss.21,22 Brennan et al assessed the 
effects of polyunsaturated fatty acids (PUFAs) intake 
through walnut consumption on weight reduction for a 
short time among patients with metabolic syndrome. In 
the mentioned study, significant changes in body weight 
were not observed but increased levels of satiety and 
sense of fullness were reported compared to the placebo 
group.23 Another study reported a slight significant weight 
change on a walnut-based diet intervention.24 Therefore, 
we have evidence regarding the beneficial effects of diets 
containing omega-3 fatty acids, of either plant or marine 
sources, on weight reduction.22,25 Previous studies showed 
that omega-3 intake could reduce appetite.23 However, in 
the present study, all 3 groups consumed a low-calorie diet. 
Also, the sources of omega-3 fatty acids might have some 
effects on appetite in 3 different groups. It is unlikely that 
the gastrointestinal hormonal changes may be important 
in the present study because we did not find any significant 
change in the level of leptin.

It is difficult to determine the exact impact of 
combination of omega-3 sources on cardiovascular risk 
factors, because there are no intervention studies that 
have focused exclusively on it. Earlier studies show that 
n-3 PUFAs of both plant and marine origin can modulate 
the content of EPA in plasma phospholipids.26 Therefore, 
the synergistic effect of combining these sources seems 
beyond the composition of their fatty acids. In fact, the 
bioactive components in plants or marine sources of 
omega-3 may also influence cardiovascular risk factors 
through improving lipid profile and insulin sensitivity 
synergistically. However, the direction of the relation is 
unclear. It has been shown that α-tocopherol and ascorbic 
acid (antioxidants found in fish and fruits and vegetables, 
respectively) inhibit the oxidation of LDL and liposomal 
membranes synergistically. Another protective effect 
of a combination of both antioxidants (vitamin E and 
β-carotene) has also been observed in lipid oxidation in 
rats.27 Our findings from the walnut and fish-walnut diet 
are similar to the previous walnut feeding study in which 
an increase in HDL was observed in normal subjects.28 
Even greater improvement in HDL cholesterol level has 
been observed in a randomized 4-week crossover study, 
involving consumption of 84g of walnut.29 Adhering to 
a low-fat diet enriched with walnut yielded no significant 
changes in HDL in 2 previous studies.30,31 In one of them, 
instead of changes in HDL cholesterol, the overall ratio 
of total cholesterol: HDL cholesterol and LDL cholesterol 

were substantially decreased in the walnut diet.31 Paralleling 
the major increase in HDL in the walnut diet, a substantial 
reduction in TG level was expected similar to the results 
reported by Zibaeenezhad et al.32 However, in the present 
study, the fish-only diet was more effective in reducing 
TG  in overweight and obese women compared to the 
walnut diet. A similar study which compared the effects 
of fish and walnut diets on lipid profiles in hyperlipidemic 
individuals indicated that consuming fish significantly 
decreased the level of TG.31 The hypotriglyceridemic effect 
of fish is well documented in some studies.33,34 Previous 
research has shown that intake of fish and fish oil lowers 
the TG level due to a high level of EPA and DHA.35 Unlike 
the fish and fish + walnut diets, the walnut diet did not 
substantially decrease LDL in our study. This is in contrast 
to results shown by other studies.30,31 Walnut is known 
to lower cholesterol when it replaces saturated fatty acid 
or monounsaturated fatty acid in the diet as it contains a 
high amount of linoleic acid and increases the receptor-
mediated uptake of LDL cholesterol.31 Nevertheless, it 
seems that the LDL cholesterol-lowering effects of the fish 
diet is superior to the walnut diet in this present trial. 

The variations observed regarding the effects of fish and 
walnut on lipids across different studies may be related 
to the baseline levels of serum lipids in subjects, the 
amount of walnut or fish and the duration of trials. We 
used the suggested amount of walnut and fish for primary 
prevention of coronary heart disease based on international 
recommendations .36

Furthermore, the combination of fish and walnut 
successfully improved glycemic control in overweight 
and obese women. The association between fish and 
glycemic improvement has been reported from several 
studies.37,38 We found a significant difference between the 
fish, walnut, and fish + walnut diets with regard to fasting 
blood glucose. Omega-3 fatty acids improve glycemic 
indices via diminished insulin secretion, increased hepatic 
glucose production and increased gluconeogenesis.39 

In the present study, after consumption of 3 diets, 
we found similar changes in SBP in the fish and fish + 
walnut groups which were significant compared to the 
walnut group. Furthermore, the mean change in DBP 
was significantly different in women after 12 weeks 
of consuming fish, walnut or fish + walnut compared 
to baseline. Similar to our findings, some studies have 
documented the beneficial effects of long-chain omega-3 
PUFAs (from fish or plants) on blood pressure.40 Several 
possible mechanisms have been suggested to explain 
the association between omega-3 fatty acids and blood 
pressure: reduced reactivity of resistance of vascular smooth 
muscle,41 enhanced endothelial vasodilator function42 and 
increased vascular compliance.41

In the present study, all 3 diets influenced the 
circulating concentrations of hs-CRP, IL-6, and TNF-α. 
These changes were remarkable in the fish + walnut diet. 
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Omega-3 fatty acids inhibit inflammatory triggers of 
endothelial activation which are expressed on the surface of 
the endothelium by inflammatory stimuli and participate 
in recruiting leukocytes to the vascular endothelial.43 
By reducing circulating concentrations of some of the 
endothelial activation biomarkers, soluble E-selectin and 
soluble intracellular adhesion molecules, walnut and fish 
may have beneficial effects on inflammatory markers 
separately.44 These results are consistent with previous 
findings of observational and interventional studies in 
which inverse correlations were reported between fish and 
walnut diets with inflammatory markers.44,45 In this study, 
possibly due to the synergistic effects between fish and 
walnut, significantly greater changes were noted in the hs-
CRP, IL-6, and TNF-α levels in the fish + walnut group.

Fibrinogen has been identified as a strong predictive 
independent risk factor for cardiovascular diseases. It 
specifically contributes to platelet aggregation, promotion 
of fibrin formation and change of plasma viscosity.46 
D-dimer is a specific fibrin degradation product, which 
is made by plasma acting on cross-linked fibrin, and thus 
will reflect coagulation as well as fibrinolysis.47 We found a 
powerful inverse correlation between the fish + walnut diet 
and fibrinogen and D-dimer levels in the present study. 
In a study involving patients with borderline high total 
cholesterol, consumption of 64 g/d walnuts for 6 weeks 
resulted in no effects on fibrinogen levels.28 A 4-week 
intervention reported an increased D-dimer level in a 
carbohydrate plus omega-3 fatty acids diet compared to 
saturated fatty acid or monounsaturated fatty acid rich 
diets.48 In another study, consumption of 40-65 g walnut 
for 4 weeks by hypercholesterolemic men improved 
endothelium-dependent vasodilatation and reduced levels 
of vascular cell adhesion molecule-1.49 Walnuts may reduce 
CVD risk due to their nutritional composition. They play 
this role not only via their lipid-lowering effects, but they 
also contain bioactive substances including vitamin E, 
antioxidants (e.g. flavonoids) and plant sterols, as well as 
L-arginine. All of these have been shown to have possible 
beneficial effects on endothelial function.50 Since our 
study population was obese or overweight and most of the 
hemostatic markers were related to obesity,51 it is likely that 
the role of obesity in regulating hemostasis confounded 
the possible effects of the bioactive substances in walnuts 
on the hemostatic variables. The results of our study 
confirm the previous investigations regarding the effects of 
fish consumption on plasma fibrinogen. This is likely due 
to a decrease in fibrinogen production in hepatocytes.52 

Although the mean levels of liver enzymes at baseline 
were higher than normal, after intervention, the levels 
of these enzymes almost returned to the normal range 
(<35 U/L and <36 U/L for ALT and AST, respectively). 
Comparing the 3 diets showed a significant reduction in 
serum ALT and AST in the fish + walnut group compared 
to others, compatible with a recent meta-analysis.53 The 

high levels of these enzymes may be due to obesity or 
overweight, as noted in other studies, which has a direct 
relationship with the level of these enzymes and they are 
considered as new cardiovascular risk factors.54,55 

MDA, an oxidative stress marker related to cardiovascular 
disease,56 was not found to change significantly among 
the 3 diets. Although a few studies have investigated the 
effect of walnut extract on MDA in vitro,57 there is no 
evidence on the effects of walnut on fibrinogen in previous 
studies. On the other hand, the intake of bread containing 
fish oil slightly decreased plasma MDA after 4 weeks in 
hyperlipidemic subjects.58

To the best of our knowledge, this study is the first 
comprehensive study that investigated directly the 
combined effects of 2 diets containing walnuts and fish on 
cardiovascular risk factors. A statistically sufficient sample 
size, similarity in participants’ age and gender, maintaining 
the same macro/micronutrient intake across the 3 groups 
and the duration of the trial are strengths of the current 
study.

One of the limitations of the present study is that we 
had to enroll women of upper or middle socio-economic 
status to warrant access to fish and walnut. Furthermore, 
some potential participants either allergic to or unwilling 
to consume fish could not be entered in this trial. Finally, 
since our aim was to compare the effect of receiving omega-
3s from different sources on cardiovascular risk factors, we 
did not have a control group; therefore, all findings should 
be considered with more caution.

In conclusion, the results of the present study showed 
that the combination of marine and plant omega-3 is 
more effective on SBP, FBS, TG, HDL, hs-CRP, D-dimer, 
fibrinogen, ALT, AST, TNF-α and IL-6 as cardiovascular 
risk factors compared to the isolated fish or walnut among 
overweight or obese women.
Authors’ Contribution
LA designed the study. SF and FH contributed to the performance 
of intervention. LA performed the statistical analyses and wrote the 
first draft of the manuscript. SF, FH and BL prepared the final draft. 
All authors read the article and approved the final version.

Conflict of Interest Disclosures
None of the authors had any conflicts of interest.

Ethical Statement
All participants were informed of the study, and completed a consent 
form. The National Institute for Medical Research Development 
(NIMAD), approved all procedures involving human subjects. This 
trial is registered on ClinicalTrial.gov under NCT03197220. The 
study was conducted in accordance with the ethical standards in 
the Declaration of Helsinki.

Funding
Research reported in this publication was supported by Elite 
Researcher Grant Committee under award number 140987 from the 
National Institutes for Medical Research Development (NIMAD), 
Tehran, Iran.

Acknowledgments
All authors are grateful to the participants of the present study for 
their enthusiastic cooperation. 



 Arch Iran Med, Volume 22, Issue 10, October 2019                                                        582

Fatahi et al 

References 
1. Finucane MM, Stevens GA, Cowan MJ, Danaei G, Lin JK, 

Paciorek CJ, et al. National, regional, and global trends 
in body-mass index since 1980: systematic analysis of 
health examination surveys and epidemiological studies 
with 960 country-years and 9· 1 million participants. 
Lancet. 2011;377(9765):557-67. doi: 10.1016/S0140-
6736(10)62037-5.

2. Rouhani MH, Haghighatdoost F, Surkan PJ, Azadbakht L. 
Associations between dietary energy density and obesity: 
A systematic review and meta-analysis of observational 
studies. Nutrition. 2016;32(10):1037-47. doi: 10.1016/j.
nut.2016.03.017. 

3. Polus A, Zapala B, Razny U, Gielicz A, Kiec-Wilk 
B, Malczewska-Malec M, et al. Omega-3 fatty acid 
supplementation influences the whole blood transcriptome 
in women with obesity, associated with pro-resolving 
lipid mediator production. Biochim Biophys Acta. 
2016;1861(11):1746-55. doi: 10.1016/j.bbalip.2016.08.005.

4. Huerta AE, Navas-Carretero S, Prieto-Hontoria PL, 
Martínez JA, Moreno-Aliaga MJ. Effects of α-lipoic acid and 
eicosapentaenoic acid in overweight and obese women 
during weight loss. Obesity (Silver Spring). 2015;23(2):313-
21. doi: 10.1002/oby.20966.

5. Willett W. Dietary fats and coronary heart disease. J Intern Med. 
2012;272(1):13-24. doi: 10.1111/j.1365-2796.2012.02553.x. 

6. Powell ML, Pegues MA, Szalai AJ, Ghanta VK, D’Abramo LR, 
Watts SA. Effects of the Dietary ω3: ω6 Fatty Acid Ratio on 
Body Fat and Inflammation in Zebrafish (Danio rerio). Comp 
Med. 2015;65(4):289-94.

7. Calder PC. Marine omega-3 fatty acids and inflammatory 
processes: effects, mechanisms and clinical relevance. 
Biochim Biophys Acta. 2015;1851(4):469-84. doi: 10.1016/j.
bbalip.2014.08.010. 

8. Serhan CN, Recchiuti A. Pro-resolving lipid mediators (SPMs) 
and their actions in regulating miRNA in novel resolution 
circuits in inflammation. Front Immunol. 2012;3:298. doi: 
10.3389/fimmu.2012.00298. 

9. Raitt MH, Connor WE, Morris C, Kron J, Halperin B, Chugh 
SS, et al. Fish oil supplementation and risk of ventricular 
tachycardia and ventricular fibrillation in patients with 
implantable defibrillators: a randomized controlled trial. 
JAMA. 2005;293(23):2884-91.

10. Chowdhury R, Stevens S, Gorman D, Pan A, Warnakula S, 
Chowdhury S, et al. Association between fish consumption, 
long chain omega 3 fatty acids, and risk of cerebrovascular 
disease: systematic review and meta-analysis. BMJ. 
2012;345:e6698. doi: 10.1136/bmj.e6698.

11. Musa-Veloso K, Binns MA, Kocenas A, Chung C, Rice H, 
Oppedal-Olsen H, et al. Impact of low v. moderate intakes 
of long-chain n-3 fatty acids on risk of coronary heart 
disease. Br J Nutr. 2011;106(8):1129-41. doi: 10.1017/
S0007114511001644.

12. He K. Fish, long-chain omega-3 polyunsaturated fatty acids 
and prevention of cardiovascular disease—eat fish or take fish 
oil supplement? Prog Cardiovasc Dis. 2009;52(2):95-114. doi: 
10.1016/j.pcad.2009.06.003.

13. Bjerregaard LJ, Joensen AM, Dethlefsen C, Jensen MK, Johnsen 
SP, Tjønneland A, et al. Fish intake and acute coronary 
syndrome. Eur Heart J. 2010;31(1):29-34. doi: 10.1093/
eurheartj/ehp375. 

14. Karimi G, Azadbakht L, Haghighatdoost F, Esmaillzadeh 
A. Low energy density diet, weight loss maintenance, and 
risk of cardiovascular disease following a recent weight 
reduction program: A randomized control trial. J Res Med Sci. 
2016;21:32. doi: 10.4103/1735-1995.181992

15. Esmaillzadeh A, Azadbakht L. Legume consumption is 
inversely associated with serum concentrations of adhesion 

molecules and inflammatory biomarkers among iranian 
women–3. J Nutr. 2011;142:334-9.

16. Schulz KF, Grimes DA. Generation of allocation sequences 
in randomised trials: chance, not choice. Lancet. 
2002;359(9305):515-9. doi: 10.1016/S0140-6736(02)07683-
3

17. Simopoulos AP. The importance of the ratio of omega-6/
omega-3 essential fatty acids. Biomed Pharmacother. 
2002;56(8):365-79.

18. Yamagishi K, Iso H, Date C, Fukui M, Wakai K, Kikuchi S, 
et al. Fish, ω-3 polyunsaturated fatty acids, and mortality 
from cardiovascular diseases in a nationwide community-
based cohort of Japanese men and women: the JACC (Japan 
Collaborative Cohort Study for Evaluation of Cancer Risk) 
study. J Am Coll Cardiol. 2008;52(12):988-96. doi: 10.1016/j.
jacc.2008.06.018.

19. Wang C, Harris WS, Chung M, Lichtenstein AH, Balk EM, 
Kupelnick B, et al. n− 3 Fatty acids from fish or fish-oil 
supplements, but not α-linolenic acid, benefit cardiovascular 
disease outcomes in primary-and secondary-prevention 
studies: a systematic review. Am J Clin Nutr. 2006;84(1):5-17. 
doi: 10.1093/ajcn/84.1.5

20. Mozaffarian D, Appel LJ, Van Horn L. Components of a 
cardioprotective diet. Circulation. 2011;123(24):2870-91. 
doi: 10.1161/CIRCULATIONAHA.110.968735.

21. Bao DQ, Mori TA, Burke V, Puddey IB, Beilin LJ. Effects of 
dietary fish and weight reduction on ambulatory blood pressure 
in overweight hypertensives. Hypertension. 1998;32(4):710-7. 
doi: 10.1161/01.hyp.32.4.710

22. Mori TA, Burke V, Puddey IB, Shaw JE, Beilin LJ. Effect of 
fish diets and weight loss on serum leptin concentration 
in overweight, treated-hypertensive subjects. J Hypertens. 
2004;22(10):1983-90. doi: 10.1097/00004872-200410000-
00022

23. Brennan AM, Sweeney LL, Liu X, Mantzoros CS. Walnut 
Consumption Increases Satiation but Has No Effect on Insulin 
Resistance or the Metabolic Profile Over a 4‐day Period. 
Obesity (Silver Spring). 2010;18(6):1176-82. doi: 10.1038/
oby.2009.409. 

24. Spaccarotella KJ, Kris-Etherton PM, Stone WL, Bagshaw DM, 
Fishell VK, West SG, et al. The effect of walnut intake on 
factors related to prostate and vascular health in older men. 
Nutr J. 2008;7:13. doi: 10.1186/1475-2891-7-13.

25. Almario RU, Vonghavaravat V, Wong R, Kasim-Karakas SE. 
Effects of walnut consumption on plasma fatty acids and 
lipoproteins in combined hyperlipidemia. Am J Clin Nutr. 
2001;74(1):72-9. doi:1 0.1093/ajcn/74.1.72

26. Wallace FA, Miles EA, Calder PC. Comparison of the effects of 
linseed oil and different doses of fish oil on mononuclear cell 
function in healthy human subjects. Br J Nutr. 2003;89(5):679-
89. doi:1 0.1079/BJN1079/2002821

27. Hercberg S, Galan P, Preziosi P, Alfarez M-J, Vazquez C. 
The potential role of antioxidant vitamins in preventing 
cardiovascular diseases and cancers. Nutrition. 
1998;14(6):513-20.

28. Morgan J, Horton K, Reese D, Carey C, Walker K, Capuzzi 
D. Effects of walnut consumption as part of a low-fat, low-
cholesterol diet on serum cardiovascular risk factors. Int J 
Vitam Nutr Res. 2002;72(5):341-7. doi: 10.1024/0300-
9831.72.5.341

29. Sabate J, Fraser GE, Burke K, Knutsen SF, Bennett H, Lindsted 
KD. Effects of walnuts on serum lipid levels and blood 
pressure in normal men. N Engl J Med. 1993;328(9):603-7. 
doi:10.1056/NEJM199303043280902

30. Tapsell LC, Batterham M, Teuss G, Tan SY, Dalton S, Quick CJ, 
et al. Long-term effects of increased dietary polyunsaturated fat 
from walnuts on metabolic parameters in type II diabetes. Eur 
J Clin Nutr. 2009;63(8):1008-15. doi: 10.1038/ejcn.2009.19. 



                                                                                                     Arch Iran Med, Volume 22, Issue 10, October 2019  583

Omega-3 Fatty Acids and Cardiovascular Risk Factors

31. Rajaram S, Haddad EH, Mejia A, Sabaté J. Walnuts and fatty 
fish influence different serum lipid fractions in normal to 
mildly hyperlipidemic individuals: a randomized controlled 
study. Am J Clin Nutr. 2009;89(5):1657S-1663S. doi: 10.3945/
ajcn.2009.26736S.

32. Zibaeenezhad M, Shamsnia S, Khorasani M. Walnut 
consumption in hyperlipidemic patients. Angiology. 
2005;56(5):581-3.

33. Schectman G, Kaul S, Cherayil GD, Lee M, Kissebah A. Can 
the hypotriglyceridemic effect of fish oil concentrate be 
sustained? Ann Intern Med. 1989;110(5):346-52.

34. Agren J, Hänninen O, Julkunen A, Fogelholm L, Vidgren H, 
Schwab U, et al. Fish diet, fish oil and docosahexaenoic acid 
rich oil lower fasting and postprandial plasma lipid levels. Eur 
J Clin Nutr. 1996;50(11):765-71.

35. Davidson MH. Mechanisms for the hypotriglyceridemic effect 
of marine omega-3 fatty acids. Am J Cardiol. 2006;98(4A):27i-
33i. doi: 10.1016/j.amjcard.2005.12.024

36. Harris WS. International recommendations for consumption 
of long-chain omega-3 fatty acids. J Cardiovas Med. 
2007;8:S50-S2. doi: 10.2459/01.JCM.0000289274.64933.45.

37. Panagiotakos DB, Zeimbekis A, Boutziouka V, Economou 
M, Kourlaba G, Toutouzas P, et al. Long-term fish intake is 
associated with better lipid profile, arterial blood pressure, and 
blood glucose levels in elderly people from Mediterranean 
islands (MEDIS epidemiological study). Med Sci Monit. 
2007;13(7):CR307-12.

38. Mori TA, Bao DQ, Burke V, Puddey IB, Watts GF, Beilin LJ. 
Dietary fish as a major component of a weight-loss diet: effect 
on serum lipids, glucose, and insulin metabolism in overweight 
hypertensive subjects. Am J Clin Nutr. 1999;70(5):817-25. doi: 
10.1093/ajcn/70.5.817

39. Puhakainen I, Ahola I, Yki-Järvinen H. Dietary supplementation 
with n-3 fatty acids increases gluconeogenesis from glycerol 
but not hepatic glucose production in patients with non-
insulin-dependent diabetes mellitus. Am J Clin Nutr. 
1995;61(1):121-6. doi: 10.1093/ajcn/61.1.121

40. Ueshima H, Stamler J, Elliott P, Chan Q, Brown IJ, 
Carnethon MR, et al. Food omega-3 fatty acid intake of 
individuals (total, linolenic acid, long-chain) and their blood 
pressure. Hypertension. 2007;50(2):313-9. doi: 10.1161/
HYPERTENSIONAHA.107.090720

41. McVeigh GE, Brennan GM, Cohn JN, Finkelstein SM, Hayes 
RJ, Johnston GD. Fish oil improves arterial compliance in 
non-insulin-dependent diabetes mellitus. Arterioscler Thromb. 
1994;14(9):1425-9.

42. Yin K, Chu Z, Beilin L. Blood pressure and vascular reactivity 
changes in spontaneously hypertensive rats fed fish oil. 
Br J Pharmacol. 1991;102(4):991-7. doi: 10.1111/j.1476-
5381.1991.tb12289.x

43. De Caterina R, Massaro M. Omega-3 fatty acids and the 
regulation of expression of endothelial pro-atherogenic and 
pro-inflammatory genes. J Membr Biol. 2005;206(2):103-16. 
doi: 10.1007/s00232-005-0783-2

44. Lopez-Garcia E, Schulze MB, Manson JE, Meigs JB, Albert CM, 
Rifai N, et al. Consumption of (n-3) fatty acids is related to 
plasma biomarkers of inflammation and endothelial activation 
in women. J Nutr. 2004;134(7):1806-11.

45. Tsitouras P, Gucciardo F, Salbe A, Heward C, Harman S. High 
omega-3 fat intake improves insulin sensitivity and reduces 
CRP and IL6, but does not affect other endocrine axes in 
healthy older adults. Horm Metab Res. 2008;40(3):199-205. 
doi: 10.1055/s-2008-1046759.

46. Stec JJ, Silbershatz H, Tofler GH, Matheney TH, Sutherland P, 
Lipinska I, et al. Association of fibrinogen with cardiovascular 
risk factors and cardiovascular disease in the Framingham 
Offspring Population. Circulation. 2000;102(14):1634-8.

47. Tallman MS, Kwaan H. Reassessing the hemostatic disorder 
associated with acute promyelocytic leukemia. Blood. 
1992;79(3):543-53.

48. Delgado-Lista J, Lopez-Miranda J, Cortés B, Perez-Martinez P, 
Lozano A, Gomez-Luna R, et al. Chronic dietary fat intake 
modifies the postprandial response of hemostatic markers to a 
single fatty test meal. Am J Clin Nutr. 2008;87(2):317-22. doi: 
10.1093/ajcn/87.2.317

49. Ros E, Núñez I, Pérez-Heras A, Serra M, Gilabert R, 
Casals E, et al. A walnut diet improves endothelial 
function in hypercholesterolemic subjects. Circulation. 
2004;109(13):1609-14.

50. Kris-Etherton PM. Walnuts decrease risk of cardiovascular 
disease: a summary of efficacy and biologic mechanisms. 
J Nutr. 2014;144(4 Suppl):547S-54S. doi: 10.3945/
jn.113.182907. 

51. Barbeau P, Litaker MS, Woods KF, Lemmon CR, Humphries 
MC, Owens S, et al. Hemostatic and inflammatory markers 
in obese youths: effects of exercise and adiposity. J Pediatr. 
2002;141(3):415-20. doi: 10.1067/mpd.2002.127497

52. Haglund O, Wallin R, Luostarinen R, Saldeen T. Effects of a 
new fluid fish oil concentrate, ESKIMO-3, on triglycerides, 
cholesterol, fibrinogen and blood pressure. J Intern Med. 
1990;227(5):347-53. doi: 10.1111/j.1365-2796.1990.
tb00170.x

53. Parker HM, Johnson NA, Burdon CA, Cohn JS, O’Connor HT, 
George J. Omega-3 supplementation and non-alcoholic fatty 
liver disease: a systematic review and meta-analysis. J Hepatol. 
2012;56(4):944-51. doi: 10.1016/j.jhep.2011.08.018. 

54. Keshavarz SA, Nourieh Z, Attar MJH, Azadbakht L. Effect 
of soymilk consumption on waist circumference and 
cardiovascular risks among overweight and obese female 
adults. Int J Prev Med. 2012;3(11):798-805.

55. Yang SQ, Lin HZ, Lane MD, Clemens M, Diehl AM. Obesity 
increases sensitivity to endotoxin liver injury: implications for 
the pathogenesis of steatohepatitis. Proc Natl Acad Sci U S A. 
1997;94(6):2557-62. doi: 10.1073/pnas.94.6.2557

56. Anderson KJ, Teuber SS, Gobeille A, Cremin P, Waterhouse AL, 
Steinberg FM. Walnut polyphenolics inhibit in vitro human 
plasma and LDL oxidation. J Nutr. 2001;131(11):2837-42. 
doi: 10.1093/jn/131.11.2837

57. Haddad EH, Gaban-Chong N, Oda K, Sabaté J. Effect of a 
walnut meal on postprandial oxidative stress and antioxidants 
in healthy individuals. Nutr J. 2014;13:4. doi: 10.1186/1475-
2891-13-4.

58. Liu M, Wallin R, Saldeen T. Effect of bread containing stable 
fish oil on plasma phospholipid fatty acids, triglycerides, 
HDL-cholesterol, and malondialdehyde in subjects with 
hyperlipidemia. Nutr Res. 2001;21:1403-10.

                    © 2019 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.
org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


