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Introduction
Cardiovascular diseases are the major cause of mortality 
worldwide, also in Iranian adults at present and will be 
the main health problem in the country in the future1 
despite intensive management of risk factors and efforts 
to improve therapeutic approaches.2,3 In addition, the 
prevalence of many conventional risk factors of coronary 
artery disease (CAD) such as low physical activity and 
abdominal obesity are high in developing countries.4,5 
The association between anthropometric indices and lipid 
profile with CAD has been well documented.6,7 Recent 
guidelines emphasize the necessity of controlling blood 

pressure, dyslipidemia, and reducing visceral fat.8,9 As 
a result, a complementary treatment is needed to lower 
several cardiometabolic risk factors. Data on herbal 
medicine have revealed promising properties of flaxseed 
oil in prevention and management of CAD.10,11

Flaxseed oil is belonging to one of the richest plant sources 
of the omega-3 fatty acids i.e. α-Linolenic acid (ALA), and 
is traditionally used for the treatment of several kinds of 
illnesses including inflammatory and neurodegenerative 
disorders.12 Recent studies have reported that 
administration of a Mediterranean ALA rich diet vs a usual 
diet is effective in reducing mortality after myocardial 
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Abstract
Introduction: It has been established that omega 3 fatty acids have cardio-protective effects through 
modulation of cardiometabolic risk factors via multiple mechanisms. The aim of this study was to 
investigate the effects of flaxseed oil on anthropometric indices and lipid profile in patients with 
coronary artery disease (CAD).
Methods: A randomized, double-blind, placebo-controlled trial was performed in 44 patients with 
CAD. The subjects were randomly assigned to receive either 200 ml of 1.5% fat milk supplemented by 5 
g of flaxseed oil (containing 2.5 g α-Linolenic acid) as intervention or 200 ml of 1.5% fat milk as placebo 
group for 10 consecutive weeks. Anthropometric indices and lipid profile were assessed at baseline and 
post-intervention.
Results: The results indicated that supplementation with flaxseed oil had no impact on anthropometric 
indices. Weight, body mass index, waist circumference and hip circumference decreased statistically 
significant within groups, but not between groups. At the end of the intervention, diastolic blood 
pressure (DBP) decreased significantly (P = 0.022) in the intervention group. Moreover, the triglyceride 
(TG) level decreased significantly in the intervention group from 173.45 (49.09) to 139.33 (34.26) 
(P < 0.001). Other lipid profile indices including total cholesterol, low density lipoprotein and high 
density lipoprotein did not differ significantly within and between groups. 
Conclusion: We observed that supplementation of flaxseed oil improved TG and DBP but had no effect 
on other lipid profiles and anthropometric indices in patients with CAD. 
Trial registration: This trial was registered in the Iranian Registry of Clinical Trials (Registration No. 
IRCT2016071211288N10) on November 18, 2016.
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infarction (MI).13,14 Moreover, the effectiveness of flaxseed 
supplementation as an ALA source in modulation of 
cardiovascular risk factors has been investigated.15,16 
It is assumed that the conversion of ALA to long chain 
polyunsaturated fatty acid (PUFA), eicosapentaenoic acid 
(EPA) and to some extent to docosahexaenoic acid (DHA) 
are involved in delivering these therapeutic effects.17

Flaxseed or its oil has been used in various products 
namely milk and dairy products for human consumption.18 
Enrichment of foods with omega-3 provides more 
food choices for subjects who are trying to increase the 
omega-3 content in their diet. In a recent study adding 7% 
flaxseed oil to the skimmed milk did not have negative 
effects on physicochemical parameters of the emulsion. 
Moreover, the overall acceptability of the flaxseed oil 
enriched milk was good.19 On the other hand, milk is 
consumed frequently. It is easily processing, packaging 
and converting to other dairy products.18 Our rationale 
to choose 2.5 g ALA/day was based on recommendation 
for adequate intake (1.6 g/day for men and 1.1 g/day 
for women),20 as well as previous reports preferred 
recommendations for modest dietary consumption of 
ALA (2–3 g/d) for the primary and secondary prevention 
of coronary heart disease.21 Therefore, in the current study 
the effect of 10 weeks intervention with milk as a delivery 
system, containing 2.5% flaxseed oil on anthropometric 
indices, lipid profile and blood pressure in CAD patients 
was determined.
 
Methods and Materials
Participants
Patients with CAD who were admitted to the Shahid 
Madani Medical Research and Training Center affiliated 
to Tabriz University of Medical Sciences (TBZMED), 
Tabriz, Iran, were enrolled to participate in the current 
study. They were eligible if they: 1. were willing to 
participate in the study; 2. were angiographically 
confirmed as CAD which is defined as presence of at least 
50% stenosis in at least one of the major coronary vessels; 
3. aged 30 to 65 years old; and 4. had body mass index 
(BMI) between 25 to 35 kg/m2. Exclusion criteria included 
development of an MI in previous six months, clinical 
diagnosis of heart failure (function class III and IV), 
heart valve disease, uncontrolled diabetes, cancer, chronic 
inflammatory disease and autoimmune disease, using 
immunosuppressive drugs, weight loss drugs and food 
supplements; fish oil or (omega-3) fatty acid supplements 
use at the time of the study, drug users; pregnant and 
lactating women and lactose deficient subjects (milk 
intolerance).

Study design
This was a double blind randomized controlled trial. The 
consent form that was approved by TBZMED completed 
by eligible participants. The method of participants’ 
recruitment was through announcement flyers in 2 

centers: Sheikhorraees clinic and Tabriz Shahid Madani 
hospital. Eligible participants entered the study via simple 
sampling and they were randomly assigned in equal 
proportion either the intervention or the placebo group. 
The sequence of random allocation in each block was 
generated using a random sequence generator software, 
consisted 4 subjects per block. The criteria for matching 
were sex, age, BMI and medication received type/dose. 
The random sequence was kept and administered by a 
third investigator until all the outcome data collection was 
completed.

Intervention 
Fresh unrefined organically grown cold press flaxseed 
oil was purchased from a local supplier. We decided to 
use a delivery system for flaxseed oil supplementation 
to increase the compliance and acceptability. Based on 
previous studies, milk is considered as a suitable substance 
to prepare a stable emulsion.19,22 The process of emulsion 
preparation and packing were done in Pegah Dairy Co., 
Tabriz, Iran via high pressure homogenization method. 
Every intervention packet contained 200 mL sterilized 
1.5% fat milk fortified with 2.5% flaxseed oil and the 
control packets contained 200 mL sterilized 1.5% fat milk. 
The packets were encoded as “A” and “B” in the industry 
to create the blinding and conceal the random allocation. 
Unbinding was only occurred once all the outcome data 
collection was completed. The vanilla essence was added 
to both intervention and placebo samples to maintain 
blinding process. The compliance was checked by phone 
calls every week. The milk packets were given to the 
subjects every two weeks. The participants were asked to 
record the number of unused milk packets in a case report 
form. For ethical issues, the subjects were permitted to 
consume their routine medications. However, taking any 
antioxidants and/or vitamin supplements; fish oil or other 
(omega-3) fatty acid supplements was prohibited during 
the trial. To adjust the effect of diet on the study outcomes, 
all the participants received a moderate calorie restricted 
dietary plan during ten weeks intervention period. A 
trained dietitian estimated the energy requirements and 
macronutrient distribution and trained participants on 
the diet. The participants were allowed to discontinue the 
trial if they were unwilling to complete or experience any 
adverse effect during the intervention. Safety assessment 
was done during the intervention by interviewing the 
participants and evaluating for any adverse effects related 
to the trial. 

Measurements of anthropometric indices, blood pressure, 
food intake and physical activity 
Anthropometric indices including height, weight, waist 
circumference (WC), and hip circumference (HC) were 
measured at baseline and end of the intervention. Digital 
column scale coupled with a stadiometer were used to 
measure weight and height. WC and HC were determined 
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via a non-elastic tape. Blood pressure was measured after 
10 minutes rest, twice by 5 minutes interval between 
measurements in a sitting position. Food intake was 
assessed using a three days food record method at baseline 
and ten weeks later. Nutritionist IV was used to analyze 
the total energy and macronutrients intake. The physical 
activity level of participants was determined using 
international physical activity questionnaire (IPAQ). The 
IPAQ instrument assesses multiple domains of activity in 
addition to leisure time physical activity during last seven 
day.23

Blood collection and measurement of biochemical indices 
At baseline and after 10 weeks, blood samples were taken 
after 10-12 hours fasting and centrifuged immediately 
(3500 g, 10 minutes). The serum was stored at -80°C until 
further analysis. An enzymatic assay was used to measure 
fasting blood sugar (FBS), total cholesterol (TC), high 
density lipoprotein (HDL), and triglyceride (TG) (Pars 
Azmoon, Tehran, Iran). The Friedewald formula was used 
to estimate low density lipoprotein (LDL) levels.

Statistical analysis
SPSS statistics software, version 21 was used for statistical 
analysis. Distribution of data was examined with the 
Kolmogorov–Smirnov expressed as mean (SD) for 
normally distributed quantitative data and frequency 
(percent) for qualitative data. The chi-squared test and 
the independent samples t-test was used to compare the 
two groups for baseline measures of the qualitative and 

quantitative data, respectively. Comparison of the two 
groups at the end of the study was completed by analysis 
of covariance (ANCOVA) after adjusting for the baseline 
parameters and covariates. Comparisons between baseline 
data and final results within each group was made by 
paired samples t-tests. Results with P values of <0.05 was 
considered statistically significant.

Results
Baseline characteristics of participants
The CONSORT flowchart of the study is represented in 
Figure 1. Out of a total of 44 patients, 40 completed the 
trial (intervention group, n = 21; placebo group, n= 19). 
The baseline characteristics of the patients are shown in 
Table 1. The mean (SD) age of participants were 55.67 
(6.89) and 54.79 (7.80) years in intervention and placebo 
groups, respectively with no statistically significant 
difference among them (P > 0.05). Of the patients, 90.5% 
and 89.5% were male in intervention and placebo groups, 
respectively. No significant difference was seen in other 
baseline parameters including sex, duration of CAD, 
family history of CAD, smoking and physical activity level 
between 2 groups (P > 0.05). 

Dietary intake
Dietary intakes of energy and macronutrients are 
demonstrated in Table 2. There were no statistically 
significant differences in energy and macronutrients 
intake between the 2 groups at baseline and after 10 
weeks intervention (P > 0.05). Energy and macronutrients 
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Figure 1. Flowchart of the study.
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Table 2. Dietary intake of subjects before and after intervention

Variable Flaxseed oil (n=21) Placebo (n=19) MD (95% CI)

Energy (Kcal/d)
Before 2125.88 (280.19) 2099.95 (296.42) -25.93 (-210.54 to 158.66), 0.778a

After 1604.79 (198.16) 1620.58 (162.85) 29.02 (-41.19 to 99.24), 0.408b

MD (95% CI)c -521.09 (-593.17 to -449.02), <0.001 479.37 (-574.21 to 384.52), <0.001

Carbohydrate (g/d)

Before 292.31 (38.53) 288.74 (40.76) -3.56 (-28.95 to 21.82), 0.780a

After 216.06 (23.88) 222.83 (22.39) 8.45 (-17.43 to 0.53), 0.064b

MD (95% CI)c -76.25 (-86.80 to -65.70), <0.001 -65.91 (-78.95 to -52.87), <0.001  

Protein (g/d)

Before 79.73 (10.51) 78.75 (11.17) -0.98 (-7.90 to 5.95), 0.777 a

After 58.39 (7.30) 60.77 (6.10) 2.38 (-0.15 to 4.91), 0.070b

MD (95% CI)c -20.86 (-23.71 to -18.00), <0.001 -17.98 (-21.53 to -14.42), <0.001

Total fat (g/d)

Before 70.86 (9.34) 70.00 (9.88) -0.86 (-7.02 to 5.29), 0.700a

After 51.91 (6.49) 54.02 (5.43) 2.07 (-0.1 to 4.25), 0.061b

MD (95% CI)c -18.51 (-21.05 to -15.96), <0.001 -15.98 (-19.14 to -12.82), <0.001
MD: mean difference. Values are expressed as mean (SD)
a Independent samples t-test; b Adjusted for baseline values using the analysis of covariance (ANCOVA) test; c Paired-samples t  test.

Table 1. Baseline characteristics of the study subjectsa

Variable Flaxseed 
oil (n=21)

Placebo 
(n=19) P valuec

Age (y)b 55.67 (6.9) 54.80 (7.8) 0.708d

Sex 

Male 19 (90.5) 17 (89.5) 1.00

CAD duration (y)b 2.6 (1.1) 2.8 (1.7) 0.618d

Family history of CAD 13 (61.9) 12 (63.2) 0.935

Smoking 1 (4.8) 3 (15.8) 0.331

Physical activity

Low 8 (38.1) 5 (26.3)

0.591Moderate 12 (57.1) 14 (73.7)

High 1 (4.8) 0 (0.0)

aValues are expressed as No. (%).
bValues are expressed as mean (SD).
cChi-square test. 
dIndependent samples t test.

intakes within group were significantly lower at the end of 
trial compared to the baseline (P < 0.05).

Blood pressure and anthropometric indices
As shown in Table 3, regarding weight, BMI, WC, HC 
and waist to hip ratio (WHR), no statistically significant 
difference was observed between 2 groups at baseline and 
after intervention (P >0.05). After 10 weeks flaxseed oil 
supplementation, changes in weight, BMI, waist and hip 
circumference were found to be significant within groups. 
No significant change in systolic blood pressure (SBP) was 
seen within and between 2 study groups at baseline and 
after supplementation adjusting for confounding factors. 
However, diastolic blood pressure (DBP) had a significant 

decline in intervention group from 75.72 (8.51) to 72.70 
(7.15) mm Hg; (P < 0.001). A significant change was 
observed between two study groups after adjusting for 
confounders (P =0.022).

FBS and lipid profile 
At baseline, no statistically significant difference was seen 
in FBS and lipid profile other than HDL between the groups 
(Table 4). At baseline, there was a statistically significant 
difference between groups in HDL level (P=0.038). 
Although, an increase was detected in HDL levels in both 
the groups as compared to baseline, supplementation with 
flaxseed oil did not alter HDL concentration significantly. 
At the end of the trial, a significant reduction was found 
in TG serum levels in the flaxseed oil group in comparison 
to baseline (P<0.001). Also, in the intervention group, TG 
serum levels declined statistically significant compared to 
placebo group (mean difference= 20.03, P =0.001). 

Discussion
The present study evaluated the beneficial effects of 
flaxseed oil on anthropometric indices and its metabolic 
consequences in CAD individuals. Our results indicated 
that ten weeks supplementation with flaxseed oil had a 
significant effect on DBP and TG in patients with CAD. 
The main finding of this study would be that serum TG 
decreases as a result of consumption of milk with flaxseed 
oil.
The results showed that consumption of flaxseed oil 
would not be able to affect weight, WHR, WC and BMI 
significantly in the intervention group in comparison 
to placebo group. However, anthropometric indices 
decreased at the end of intervention in both intervention 
and placebo groups which could be because of calorie 
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restricted diet. The findings are in agreement with results 
of Paschos et al, study who reported that supplementation 
with flaxseed oil in dyslipidaemic patients did not affect 
BMI.11 Also, in a study done by Kontogianni, et al,24 no 
differences were observed in weight after 6 weeks in 
young, healthy, normal weight adults after intervention by 
15 ml/day of flaxseed oil. Although, flaxseed combination 
into the diet (40 g flaxseed/day) led to a significant decline 
in weight, BMI, WHR and WC in healthy menopausal 
women.15 Different dosages, duration of intervention and 
type of flaxseed oil, ALA sources, dietary intake, physical 
activity level and the clinical state of the participants 
may be some main reasons for observed diversity in the 
findings. The main mechanism of action for anti-obesity 
effects is not known. Based on current evidence, bioactive 
components of flaxseed oil, mainly ALA, may exhibit 
anti-obesity effects.25 Moreover, flaxseed oil contains 
numerous unsaturated fatty acids including linoleic acid 
and eicosadienoic in addition to ALA, all of which have 
anti-obesity effects.26 Also, the eicosanoids resulting 
from PUFA metabolism have ability to prevent adipocyte 
differentiation and induce apoptosis in preadipocytes.27,28 

According to a meta-analysis, whole flaxseed rather than 
flaxseed-oil is effective in weight and BMI reduction29 
which is attributed to the fact that the flaxseed can control 
the energy intake and increase satiety by containing 
28% fibers. The non-significant results might be due to 
supplementation with oil seed rather than the whole one. 
Supplementation with flaxseed oil led to a significant 
decrease (3 mm Hg) in DBP. A non-significant decrease 
was observed in placebo group which might be as a result 
of milk consumption. A recent meta-analysis revealed that 
milk proteins are slightly involved in lowering of blood 
pressure.30 Our study is in line with Sioen et al31 study 
who indicated that increased omega-3 intake especially 
ALA lowered the DBP significantly. Decrease in both 
SBP and DBP levels after supplementation with flaxseed 
oil has been reported in other studies.11,32 Recently, it was 
shown that ∼8 g/day ALA supplementation for 12 weeks 
decreased both DBP and SBP in dyslipidaemic men.11 On 
the contrary, in a trial conducted in hypertensive men and 
women, high dose of ALA (∼38 g/day) for 2 weeks did not 
significantly affect blood pressure.33 Several confounding 
factors including the type of subjects, visit-to-visit-

Table 3. Effect of flaxseed oil supplementation on anthropometric indices and blood pressure

Variable Flaxseed oil (n=21) Placebo (n=19) MD (95% CI), P-value
Weight (kg)
Before 86.02 (10.70) 85.66 (10.19) - 0.36 (- 7.18 to 6.45), 0.915 a

After 83.85 (10.90) 83.66 (10.53) -0.026 (-0.78 to 0.73), 0.944 b

MD (95% CI), P-valuec -2.18 (-2.75 to -1.60), <0.001 -2.10 (-2.74 to -1.46), <0.001
BMI (kg/m2)
Before 30.36 (3.04) 30.70 (3.90) 0.34 (-1.95 to 2.62), 0.766 a

After 29.58 (3.19) 29.93 (3.86) 0.024 (-0.26 to 0.31), 0.861 b

MD (95% CI), P valuec -0.78 (-0.99 to -0.57), <0.001 - 0.77 (-0.98 to -0.55), <0.001
Waist circumference (cm)
Before 104.42 (7.68) 107.29 (8.63) 2.87 (-2.74 to 8.48), 0.305 a

After 102.58 (7.92) 105.35 (8.99) 0.28 (-0.73 to 1.28), 0.581 b

MD (95% CI), P valuec -1.84 (-2.63 to -1.05), <0.001 -1.94 (-2.56 to -1.33), <0.001
Hip circumference (cm)

Before 107.92 (6.80) 107.59 (16.06) -0.33 (-8.72 to 8.06), 0.937 a

After 106.61 (6.79) 106.44 (16.21) -0.031 (-0.55 to 0.62), 0.914b

MD (95% CI), P valuec -1.31 (-1.73 to -0.89), <0.001 -1.15 (-1.76 to -0.54), 0.001
WHR

Before 0.97 (0.05) 1.03 (0.25) 0.06 (-0.06 to 0.18), 0.312 a

After 0.96 (0.05) 1.02 (0.26) 0.018 (-0.18 to 0.15), 0.737 b

MD (95% CI), P valuec -0.01 (-0.01 to 0.001), 0.119 -0.01 (-0.01 to 0.004), 0.253
SBP (mm Hg)

Before 116.62 (12.13) 112.50 (15.09) -4.13 (-12.98 to 4.74), 0.352 a

After 114.75 (13.02) 111.45 (17.33) -1.96 (-11.01 to 7.09),  0.662b

MD (95% CI), P valuec -1.87 (-4.14 to 0.39), 0.814 -1.05 (-10.34 to 8.23), 0.100
DBP (mm Hg)

Before 75.72 (8.51) 79.59 (10.14) 3.86 (-2.36 to 10.08), 0.216 a

After 72.70 (7.15) 78.88 (11.07) 2.42 (0.37 to 4.47),  0.022b

MD (95% CI), P valuec -3.02 (-4.52 to -1.52), <0.001 -0.71 (-1.89 to 0.48), 0.227
MD: mean difference; BMI: Body mass index, WHR: Waist to hip ratio, SBP: Systolic blood pressure, DBP: diastolic blood pressure. Values are 
expressed as mean (SD)
a Independent samples t-test; b Adjusted for baseline values using the analysis of covariance (ANCOVA) test; c Paired-samples t  test.
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variability of blood pressure, method for blood pressure 
measurements and dietary changes might have a role in 
consistency of the results. The main mechanisms by which 
flaxseed oil supplementation might lower blood pressure 
are not well known, but the action of prostaglandin 
metabolism on modulation of blood pressure may be 
involved. Prostaglandin may act by direct effects on 
vascular reactivity, regulation of renin release and control 
of sodium and water balance. As well, prostaglandin 
has vasodilator actions on control of renal blood flow 
and peripheral sympathetic tone and may influence the 
baroreceptors and cardiac output.11,34,35

In the current study we found a significant reduction in 
serum TG, indicating the cardioprotective property of 
flaxseed oil. Other lipid parameters were not changed. 
Previous studies reported different results considering 
flaxseed oil effect on lipid profile. Based on Dodin et al 
study, daily consumption of flaxseed (40 g) decreased 
LDL-c, TC and TG lipoprotein and increased HDL-c 
concentrations in healthy menopausal women after 12 
months.16 The findings of the study by Kontogianni et al 
revealed that after 6 weeks of receiving flaxseed oil (15 
mL/day ALA), no decrease was observed in lipid profile 
compared to the same period of consuming Olive oil.24 
The modulating effects of flaxseed oil (i.e., ALA) on lipid 
metabolism might have been related to improving lipid 
homeostasis at the adipose tissue-liver axis, increased fatty 

acid β-oxidation through up-regulation of peroxisome 
proliferator-activated receptor-α and down-regulation 
of sterol regulatory element-binding protein-1.36-38 
Concomitantly, flaxseed oil reduces lipogenesis, so TG 
levels reduction is resulted.39

HDL status was not considered as the eligibility for the 
participation in the current study. Nevertheless, the 
control group had a higher level of HDL in baseline 
which led to not significant difference between the two 
groups after intervention. Moreover, greater decline in 
lipid concentrations upon intervention was observed in 
patients with higher baseline lipid levels. Additionally, 
based on the evidence that HDL levels are inversely 
associated with the incidence of CVD,40 the 9% increase 
in the HDL concentration observed in the current study, 
may decrease the CVD risk. 
In a study done by Torkan et al, a significant reduction 
of TC, LDL and TG was observed following ingestion of 
30 g raw flaxseed in hyperlipidemic subjects.41 However, 
flaxseed derived lignan supplementation did not improve 
hyperlipidemia in type 2 diabetic patients.42 Flaxseed 
oil at the dose of 3 g/day showed a remarkable effects 
by reducing LDL and increasing HDL in older adults.43 
Change in lipid profiles may depend on intake form 
of flaxseed, sex and age of the subjects and their lipid 
values.42 Overall, some animal studies have attributed the 
lowering effect of flaxseed oil on the TG and cholesterol 

Table 4. Effect of flaxseed oil supplementation on lipid profile and FBS status

Variable Flaxseed oil (n=21) Placebo (n=19) MD (95% CI), P value

FBS (mg/dL)

Before 113.52 (44.76) 105.99 (23.87) -7.53 (-30.86 to 15.79), 0.517a

After 107.35 (38.72) 111.42 (34.71) 11.45 (-2.37 to 25.27), 0.150b

MD (95% CI), P valuec -6.18 (-16.30 to 3.94), 0.218 5.43 (-3.84 to 14.69), 0.234

TG (mg/dL)

Before 173.45 (49.09) 164.09 (32.85) -9.35 (-36.39 to 17.68), 0.488a

After 139.33 (34.26) 159.36 (37.68) 24.98 (9.54 to 40.43), 0.001b

MD (95% CI), P valuec -34.11 (-44.64 to -23.59), <0.001 -4.73 (-18.28 to 8.82), 0.473

TC (mg/dL)

Before 155.43 (32.04) 143.07 (22.63) -12.35 (-30.29 to 5.58), 0.171a

After 150.62 (24.84) 143.74 (28.88) -3.24 (-20.66 to 14.18), 0.820b

MD (95% CI), P valuec -4.81 (-18.34 to 8.72), 0.467 0.66 (-12.05 to 13.37), 0.914

LDL (mg/dL)

Before 88.77 (29.79) 83.21 (23.52) -5.56 (-22.86 to 11.75), 0.520a

After 87.90 (28.20) 77.33 (25.98) -8.12 (-33.79 to 17.54), 0.320b

MD (95% CI), P valuec -0.86 (-13.09 to 11.37), 0.885 -5.88 (-19.33 to 7.57), 0.370

HDL (mg/dL)

Before 31.98 (5.91) 27.66 (6.76) -4.31 (-8.37 to -0.25), 0.038a

After 34.85 (8.67) 30.06 (6.49) -2.23 (-7.26 to 2.80), 0.605b

MD (95% CI), P valuec 2.88 (-0.95 to 6.70), 0.133 2.40 (-0.29 to 5.08), 0.077

MD: mean difference. Values are expressed as mean (SD).
a Independent samples t-test; b Adjusted for baseline values using the analysis of covariance (ANCOVA) test; c Paired-samples t  test.
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serum level to its ALA content.37,44 The others revealed 
that hypocholesterolemia effect of flaxseed results from 
interaction of its compounds, i.e. fiber, lignin complex 
and high amounts of ALA.45,46 In our study, the lack of a 
significant effect of flaxseed oil on lipid profile, may be 
partly due to the normal levels of this outcomes at baseline 
which might be because of statin therapy done in almost 
the whole subjects.
There are limited studies evaluating the effects of flaxseed 
oil on FBS.10,24,47 Our results are in line with previous 
studies. In one study, consumption of milled flaxseed or 
flaxseed oil (13.2 g/day) for 12 weeks in adults with type 
2 diabetes did not influence glycemic control, or FBS.10 
Meropi et al indicated that ALA failed to lower FBS in 
healthy adults supplied with 15 mL/day of flaxseed oil.24 
In the present study, reduction of FBS in the intervention 
group was more than the placebo group although was not 
statistically significant.
This study has some limitations that should be addressed. 
First, other known risk factors of coronary heart disease 
such as apolipoprotein A and B and inflammatory 
markers were not measured. Moreover, the potential 
effects of flaxseed oil on endothelial marker were not 
examined. Relatively short intervention period and small 
sample size are considered as other limitations of the 
study. Monitoring the patients’ diets through designing 
a calorie restricted dietary plan with focus on amount 
and type of fat is the strengths of the current study. As 
well, physical activities and dietary intakes were checked 
before and after intervention. The novelty of the current 
study is related to the use of milk/flaxseed oil emulsion 
as intervention that can also be an applicable substitute 
for the daily milk consumption by the patients who suffer 
from CAD.
In conclusion, the findings of the present study suggest 
that flaxseed oil consumption by CAD patients is effective 
in reducing TG and DBP, and is expected to significantly 
reduce the overall CVD risk factors. Our study shows that 
milk enrichment by flaxseed oil can be used as a food 
delivery for increasing omega-3 fatty acids.

Ethical approval
The protocol was approved by Medical Ethics Committee of 
TBZMED (No. IR.TBZMED.REC.1395.804). The trial was 
registered in the Iranian Registry of Clinical Trials (identifier: 
IRCT2016071211288N10; https://www.irct.ir).

Competing interests
All authors declare no competing financial interests exist.

Funding
This study was supported by a grant from TBZMED as a thesis 
for PhD degree of the first author (Grant No. D/51).

Acknowledgment
The authors wish to acknowledge all the patients for their 
cooperation in performing this project, support of Mr. Jodeyri 

also other staff of Pegah Dairy Co., Tabriz, Iran for their help 
in milk/oil emulsion preparation and packing. The authors also 
thank TBZMED for their financial support.

References
1. Sadeghi M, Haghdoost AA, Bahrampour A, Dehghani M. 

Modeling the burden of cardiovascular diseases in Iran 
from 2005 to 2025: The impact of demographic changes. 
Iran J Public Health2017; 46(4): 506.

2. Moludi J, Keshavarz S, Tabaee AS, Safiri S, Pakzad R. Q10 
supplementation effects on cardiac enzyme CK-MB and 
troponin in patients undergoing coronary artery bypass 
graft: a randomized, double-blinded, placebo-controlled 
clinical trial. J Cardiovasc Thorac Res 2016;8(1):1. 
doi:10.15171/jcvtr.2016.01.

3. Reddy KS. Cardiovascular diseases in the developing 
countries: dimensions, determinants, dynamics and 
directions for public health action. Public Health Nutr 
2002;5(1a):231-7. 

4. Yusuf S, Hawken S, Ôunpuu S, Dans T, Avezum A, Lanas F, et 
al. Effect of potentially modifiable risk factors associated with 
myocardial infarction in 52 countries (the INTERHEART 
study): case-control study. Lancet 2004;364(9438):937-52. 
doi:10.1016/S0140-6736(04)17018-9.

5. Kelishadi R, Ardalan G, Gheiratmand R, Gouya MM, 
Razaghi EM, Delavari A, et al. Association of physical 
activity and dietary behaviours in relation to the body 
mass index in a national sample of Iranian children and 
adolescents: CASPIAN Study. Bull World Health Organ  
2007;85:19-26. 

6. Ghasemzadeh Z, Abdi H, Asgari S, Tohidi M, Khalili D, 
Valizadeh M, et al. Divergent pathway of lipid profile 
components for cardiovascular disease and mortality 
events: Results of over a decade follow-up among Iranian 
population. Nutr Metab 2016;13(1):43. doi: 10.1186/
s12986-016-0102-1.

7. Kihara S, Matsuzawa Y. Fat distribution and cardiovascular 
disease risk. Curr Cardiovasc Risk Rep 2015;9(3):8. 
doi:10.1007/s12170-015-0439-4.

8. For Epoig, Children RRI. Expert panel on integrated 
guidelines for cardiovascular health and risk reduction 
in children and adolescents: summary report. Pediatrics 
2011;128(Suppl 5):S213. doi: 10.1542/peds.

9. Grundy SM, Hansen B, Smith Jr SC, Cleeman JI, Kahn 
RA, Participants C. Clinical management of metabolic 
syndrome: report of the American Heart Association/
National Heart, Lung, and Blood Institute/American 
Diabetes Association conference on scientific issues 
related to management. Circulation 2004;109(4):551-6. 
doi:10.1161/01.ATV.0000112379.88385.67.

10. Taylor CG, Noto AD, Stringer DM, Froese S, Malcolmson 
L. Dietary milled flaxseed and flaxseed oil improve N-3 
fatty acid status and do not affect glycemic control in 
individuals with well-controlled type 2 diabetes. J Am Coll 
Nutr 2010;29(1):72-80. 

11. Paschos G, Magkos F, Panagiotakos D, Votteas V, Zampelas 
A. Dietary supplementation with flaxseed oil lowers 
blood pressure in dyslipidaemic patients. Eur J Clin Nutr  
2007;61(10):1201. doi:10.1038/sj.ejcn.1602631.

12. Oomah BD. Flaxseed as a functional food source. Sci Food 
Agric 2001;81(9):889-94. doi: 10.1002/jsfa.898.

https://www.irct.ir


Flaxseed oil and coronary artery disease

J Cardiovasc Thorac Res, 2019, 11(2), 152-160 159

13. Estruch R, Martínez-González MA, Corella D, Salas-
Salvadó J, Ruiz-Gutiérrez V, Covas MI, et al. Effects of a 
Mediterranean-style diet on cardiovascular risk factors: a 
randomized trial. Ann Intern Med 2006;145(1):1-11. 

14. Singh RB, Dubnov G, Niaz MA, Ghosh S, Singh R, 
Rastogi SS, et al. Effect of an Indo-Mediterranean diet on 
progression of coronary artery disease in high risk patients 
(Indo-Mediterranean Diet Heart Study): a randomised 
single-blind trial. Lancet 2002;360(9344):1455-61. 
doi:10.1016/S0140-6736(02)11472-3.

15. Dodin S, Lemay A, Jacques H, Legare F, Forest J-C, Masse B. 
The effects of flaxseed dietary supplement on lipid profile, 
bone mineral density, and symptoms in menopausal 
women: a randomized, double-blind, wheat germ 
placebo-controlled clinical trial. J Clin Endocrinol Metab 
2005;90(3):1390-7. doi:10.1210/jc.2004-1148. 

16. Dodin S, Cunnane SC, Mâsse B, Lemay A, Jacques H, 
Asselin G, et al. Flaxseed on cardiovascular disease markers 
in healthy menopausal women: a randomized, double-
blind, placebo-controlled trial. Nutrition 2008;24(1):23-30. 
doi:10.1016/j.nut.2007.09.003.

17. Basch E, Mphil SB, Collins J, Dacey C, Harrison M, Szapary 
P. Flax and Flaxseed Oil (Linum usitatissimum): A Review 
by. J Soc Integr Oncol 2007;5(3):92-105. 

18. Shanmugam A, Ashokkumar M. Functional properties 
of ultrasonically generated flaxseed oil-dairy emulsions. 
Ultrason sonochem 2014;21(5):1649-57. doi: 10.1016/j.
ultsonch.2014.03.020.

19. Shanmugam A, Ashokkumar M. Ultrasonic preparation 
of stable flax seed oil emulsions in dairy systems–
physicochemical characterization. Food Hydrocoll 
2014;39:151-62. doi:10.1016/j.foodhyd.2014.01.006.

20. Mazza M, Pomponi M, Janiri L, Bria P, Mazza S. Omega-3 
fatty acids and antioxidants in neurological and psychiatric 
diseases: an overview. Prog Neuro-Psychopharmacol 
Biol Psychiatry 2007;31(1):12-26. doi: 10.1016/j.
pnpbp.2006.07.010.

21. Geleijnse JM, de Goede J, Brouwer IA. Alpha-linolenic acid: 
is it essential to cardiovascular health? Curr Atheroscler 
Rep 2010;12(6):359-67.

22. Goyal A, Sharma V, Upadhyay N, Singh A, Arora S, Lal 
D, et al. Development of stable flaxseed oil emulsions as 
a potential delivery system of ω-3 fatty acids. J food sci 
technol 2015;52(7):4256-65.

23. Craig CL, Marshall AL, Sjöström M, Bauman AE, Booth 
ML, Ainsworth BE, et al. International physical activity 
questionnaire: 12-country reliability and validity. Med 
sci in sports exerc 2003;35(8):1381-95. DOI: 10.1249/01.
MSS.0000078924.61453.FB.

24. Kontogianni MD, Vlassopoulos A, Gatzieva A, Farmaki 
A-E, Katsiougiannis S, Panagiotakos DB, et al. Flaxseed 
oil does not affect inflammatory markers and lipid profile 
compared to olive oil, in young, healthy, normal weight 
adults. Metabolism 2013;62(5):686-93. doi: 10.1016/j.
metabol.2012.11.007.  

25. de Holanda Miranda WR, Gomes PM, Beraldo RA, Foss 
MC, Foss-Freitas MC, editors. Alpha-linolenic acid 
supplementation effect in endoplasmic reticulum stress 
and adiponectin in abdominal subcutaneous adipose tissue 
in patients with type 2 diabetes mellitus. Diabetol Metab 
Syndr 2015: BioMed Central. doi: 10.1186/1758-5996-7-

S1-A211.
26. Gazem RAA, Sharada A. Omega fatty acids in health and 

disease: a review. J Pharm Res 2014;8(8):1027-44. doi: 
10.1093/ajcn/54.3.438.

27. Jayarathne S, Koboziev I, Park O-H, Oldewage-Theron W, 
Shen C-L, Moustaid-Moussa N. Anti-inflammatory and 
anti-obesity properties of food bioactive components: effects 
on adipose tissue. Prev Nutr Food Sci 2017;22(4):251. doi: 
10.3746/pnf.2017.22.4.251.

28. Siriwardhana N, Kalupahana NS, Cekanova M, LeMieux 
M, Greer B, Moustaid-Moussa N. Modulation of adipose 
tissue inflammation by bioactive food compounds. 
J Nutr Biochem 2013;24(4):613-23. doi: 10.1016/j.
jnutbio.2012.12.013.

29. Pan A, Chen M, Chowdhury R, Wu JH, Sun Q, Campos H, 
et al. α-Linolenic acid and risk of cardiovascular disease: 
a systematic review and meta-analysis–. Am J Clin Nutr 
2012;96(6):1262-73. doi: 10.3945/ajcn.112.044040.

30. Hidayat K, Du H-Z, Yang J, Chen G-C, Zhang Z, Li Z-N, 
et al. Effects of milk proteins on blood pressure: a meta-
analysis of randomized control trials. Hypertens Res 
2017;40(3):264. doi: 10.1038/hr.2016.135.

31. Sioen I, Hacquebard M, Hick G, Maindiaux V, Larondelle Y, 
Carpentier YA, et al. Effect of ALA‐enriched food supply on 
cardiovascular risk factors in males. Lipids 2009; 44: 603-
11. Doi: 10.1007/s11745-009-3307-5.

32. Finnegan YE, Minihane AM, Leigh-Firbank EC, Kew 
S, Meijer GW, Muggli R, et al. Plant-and marine-derived 
n− 3 polyunsaturated fatty acids have differential effects 
on fasting and postprandial blood lipid concentrations 
and on the susceptibility of LDL to oxidative modification 
in moderately hyperlipidemic subjects. Am J Clin Nutr 
2003;77(4):783-95. doi: 10.1093/ajcn/77.4.783.

33. Wilkinson P, Leach C, Ah-Sing EE, Hussain N, Miller 
GJ, Millward DJ, et al. Influence of α-linolenic acid 
and fish-oil on markers of cardiovascular risk in 
subjects with an atherogenic lipoprotein phenotype. 
Atherosclerosis 2005;181(1):115-24. doi: 10.1016/j.
atherosclerosis.2004.12.029.

34. Codde JP, Beilin LJ. Prostaglandins and experimental 
hypertension: a review with special emphasis on the effect 
of dietary lipids. J Hypertens 1986;4(6):675-6. 

35. Knapp HR. Omega‐3 Fatty Acids, Endogenous 
Prostaglandins, and Blood Pressure Regulation in Humans. 
Nutr Rev 1989;47(10):301-13. 

36. Devarshi PP, Jangale NM, Ghule AE, Bodhankar SL, 
Harsulkar AM. Beneficial effects of flaxseed oil and fish 
oil diet are through modulation of different hepatic 
genes involved in lipid metabolism in streptozotocin–
nicotinamide induced diabetic rats. Genes Nutr 
2013;8(3):329. doi: 10.1007/s12263-012-0326-2.

37. Vijaimohan K, Jainu M, Sabitha K, Subramaniyam S, 
Anandhan C, Devi CS. Beneficial effects of alpha linolenic 
acid rich flaxseed oil on growth performance and hepatic 
cholesterol metabolism in high fat diet fed rats. Life Sci 
2006;79(5):448-54. doi: 10.1016/j.lfs.2006.01.025.

38. Hendrich S. (n-3) Fatty acids: clinical trials in people with 
type 2 diabetes. Adv Nutr 2010;1(1):3-7. doi: 10.3945/
an.110.1003.

39. Wang M, Zhang X-J, Feng K, He C, Li P, Hu Y-J, et al. Dietary 
α-linolenic acid-rich flaxseed oil prevents against alcoholic 



Saleh-Ghadimi et al

J Cardiovasc Thorac Res, 2019, 11(2), 152-160160

hepatic steatosis via ameliorating lipid homeostasis at 
adipose tissue-liver axis in mice. Sci Rep 2016;6:26826. doi: 
10.1038/srep26826.

40. Castelli WP, Garrison RJ, Wilson PW, Abbott RD, 
Kalousdian S, Kannel WB. Incidence of coronary heart 
disease and lipoprotein cholesterol levels: the Framingham 
Study. JAMA 1986;256(20):2835-8. 

41. Torkan M, Hassan Entezari M, Siavash M. Effect of flaxseed 
on blood lipid level in hyperlipidemic patients. Rev Recent 
Clin Trials 2015; 10: 61-7. 

42. Pan A, Sun J, Chen Y, Ye X, Li H, Yu Z, et al. Effects of a 
flaxseed-derived lignan supplement in type 2 diabetic 
patients: a randomized, double-blind, cross-over trial. PLoS 
One 2007;2(11):e1148. doi: 10.1371/journal.pone.0001148.

43. Avelino APA, Oliveira GM, Ferreira CC, Luiz RR, Rosa G. 
Additive effect of linseed oil supplementation on the lipid 
profiles of older adults. Clin Interv Aging 2015;10:1679. 

44. Riediger ND, Othman R, Fitz E, Pierce GN, Suh M, 
Moghadasian MH. Low n-6: n-3 fatty acid ratio, with fish-

or flaxseed oil, in a high fat diet improves plasma lipids and 
beneficially alters tissue fatty acid composition in mice. Eur 
J Nutr 2008;47(3):153-60.

45. Lucas EA, Wild RD, Hammond LJ, Khalil DA, Juma S, 
Daggy BP, et al. Flaxseed improves lipid profile without 
altering biomarkers of bone metabolism in postmenopausal 
women. J Clin Endocrinol Metab 2002;87(4):1527-32. doi: 
10.1210/jcem.87.4.8374.

46. Prasad K. Hypocholesterolemic and antiatherosclerotic 
effect of flax lignan complex isolated from flaxseed. 
Atherosclerosis 2005;179(2):269-75. doi: 10.1016/j.
atherosclerosis.2004.11.012

47. Mohammadi-Sartang M, Sohrabi Z, Barati-Boldaji R, 
Raeisi-Dehkordi H, Mazloom Z. Flaxseed supplementation 
on glucose control and insulin sensitivity: a systematic 
review and meta-analysis of 25 randomized, placebo-
controlled trials. Nutr Rev 2017;76(2):125-39. doi: 10.1093/
nutrit/nux052.


